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MEMORANDUM FOR DfSTRIBUTION 

SUBJECT: Declassification Review of Operation BUSTER-JANGLE 
Test Reports - 

The following 100 reports concerning the atmospheric nuclear 
tests conducted during Operation BUSTER-JANGLE in 1951 have been 
declassified and cleared for open ph l i ca t ion /pub l i c  release: 

WT-301 thru WT-306, WT-309 thru WT-319, WT-321 thru  WT-353, 
WT-353, WT-354, WT-356 thru WT-370, WT-372, WT-374 thru WT-385, 
WT-388 thru WT-390, WT-392, WT-393, WT-396, WT-398 thru WT-402, 
WT-405 both volumes tlrru WT-407, WT-409, WT-410, WT-412, WT-415, 
WT-417, Wt-418,  WT-422 a d  WT-423 

An additional 12 WTs from BUSTER-JANGLE have been re-issued 
with deletions and are iden t i f ied  with an *EX'' after the W T  
number. These reissued versions are unclassified and approved 
for open publication. They are: 

WT-308, WT-320, WT-371, WT-373, WT-386, WT-391, WT-394, 
WT-395, WT-397, WT-404, WT-414 and "-"7, This memorandum supersedes the ~efense ~ u c l ~ a k - - A ~ e n c ~ ,  ISTS 
memoranaum same subject dated August 2 2 ,  1995 and m a y  be cited as 
the a u t h o r i t y  to declassify copies of any of the reports listed 
in the f i r s r  paragraph above. 
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h the t h e  of tire undamater a t d  burst a t  @rmtim ClBX33HlAIX3, 
decontamfnatfon has basn recognized  PI a ounp1ex pmb1m not 1s-w 
Itself t o  an easy solution. Bmwr, dl aubaewmt f l a d  taatn of atolric 
mapsna have bean made under seeentially non-contadna- e0~1dffiun8. 
The mapona =re detormst~d either high in the air or atop high towems 
and dispersal of the bomb clwds did nut lead to a general contamhation 
of test areas. Corrarqently, UrrtU Opmtion J W ,  there rsa l itt le 
opportdty for the f i e l d  teat- of decontnmination technlqmem aud 
theories on eontemiaat ion-decont~t ion phemenology derimd fl.asl 
laboratory attadiea . 

e. 

The serisa of exprhentm describsd icl thin report e m s t i t u k r  tha 
firat ftaU fidd test of decontamfnrrtlon procedures. Theee q e h -  

?: 

grew out of an l~rgent sequimmeat for practical h l e ~  of d e o o n t e  
hat ion procsdwme for d l i t a v  us. Although the m d t s  of these 
perhenta are by no means delinitim, they conetitrite a first ateptmard 

+ the eatsblfahwnt o f  Stan- Operrnting Pracedume for decontdmtion in 
/ 

t h e  f ield* 

1. Ta detsmim, in the field, the sffgetivenesa of vari~10.s dm- 
kwdnakim methods in reduchg the rad+ation F k m l d s  ln land m a ,  p & d  

- -8, bdk&l@S, md d d . C l 9 ~ .  

2. To detslmine, in the f b l d ,  th; rates, ewts, and h.aud. of 
dwontdmtion  operations. 

3. TO stuw .apscific- those paramaera of rkoact~rs c- 
fnatlon that bear mot& heaBilg on the results of decontadnatioa opsrotianm. 

The varfou~p -*ants in Rojdet 6.2 were condmcted indirldarl 
team prooided by the Waited States lUaval Bsdiobgieal Ibfmnae W r a t o ~  



(USNRDL), United States fiaval C i v i l  Engineering Research and E d u t i o n  
Liboratory (usNCEREL), Engineer Research and Development Laboratories 
(ETUIL), Chemical and Radiologid kboratory, Arnty Chemical C e n t e r  
(CRL, X C ) ,  and the Office of the Chief of Ihgineera (0%). 

The test work was divided into two porthna, each under a technical 
eoordhator reaponslble to the Project Officer. The principal investi- 
gators h~ charge o f  each Seam were givcn compLete responsibility and au- 
thority for the conduct of t h e i r  team's operation under the technical 
coordinators. The ProJsct Officer held nightly planning and progress 
eonfermces througbovt the test period. 

An organizational for Project 6.2 is shorn h Fig. 1.1, 

The exprhenta reporbed here were conducted in Novanbar and December 
1951 as part of Operation JANGU at the  Nevada Rwhg Grounds (NPG), 
Operatbn JANGfE consbted of two atomic weapon detonations, one on the 
surface (detonation t h e  0900, 19 November 1951) and one 17 St belm the 
surface (detonation t h e  1200, 29 November 1951). Each weapn had a 
yield of appro-tely 1.2 I&. 

&I late October pereomel etarted arr iohg at the best gite t o  
set up exparfatmtal W d k r g s  and b s t  arsaa and conduct dry rum. 

Operathg cmditinns at  the t e s t  site were far fram ideal. Much 
of the work was aeeompllshed in snow and be10wfreszing temperatures. 
The long dbtances between b-e camp, control point, and wor- areas 
aeversly reduced the useful working time. A breakdown in Task Force 
Semices ahortly after the Underpound Shot l e f t  a major portfun of the 
work of Project 6.2 t o  be accomplished with little or no supprt. 

Despite the adverne conditions it ia fe l t  that the objectives of 
the pro$ect were attained, M s  ks a tribute to the hard mrk and pro- 
flc5ency of the project personnel, 

Indivfdd. chapters (2 through U) have b m  written by the prin- 
cipal investigators on each of the ten team indicated h Fig. 1.1. 
The cmpLeAty and extent of the work, which virtually dictated the or- 
ganization of the tea~rs, makes thia report a aympoerium on the subject 
of conkdnatbn-dscontadnati~n rather than a t i gh t ly  organized report. 
The aheer bulk of f i e l d  data h some exparimmts made the inclusbn of 
gL1 data prohibitive. Selected data and s-ies are provided wherever 
thka appUea. Complete field data for each exprkment are available, 
and may be ebtabed upon spplfcation to the laboratory xrhfch conducted 
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each experiment, as s h m  in Fig, 1.1. 

Chapter 12, written by the Project Officer, a d z e s  the essential 
fYndhgs for the whole project and attempts to reconcfle discrepancies in 
the f h d n g s  of Individual Investigators. 

The Project Officer desires b acknowledge the considerable aid in 
the operation of Project 6,2 receimd Pram U=El C. A. Grabb, USN, LT L, H. 
OvDannell, Urn, J, J ,  Kearna, W, Armstrong, and V. Saitta, The editorial 
rrark on this report was acemplbhed by A. M, Heller. 



- W i t h i n  a radioactimly contanhated natural hmd mm, the radi- 
ation f i e l d  over U t e d  sections can be 8ubstantiaUy reduced br standard 
tecMquss of acrsping, pl-, hamming, and fUUig.  The, menpmr, 
and squipent requimments do not differ sipificantly frwn those that 
would apply b the absence of' radioactivu contamhation. H a z h  t o  
operating e m  can be -sed m a w  by o b s e m c e  of 8 t 8 1 1 M  radio- 
logical safety ru les .  

r 

2.2 O B m m  

The three maln objeetivas of the experiments reported here can be 
dated generally aa S o l l m  : 

the sffectioe,neser of standard earth** tach- 
radiation f i e ld  in radioaetimly contamilz9tad 

2, To determine time, manpmr, and equip& mqyimments for 
land r e c h t f o n  operations. 

,- 3, To provide basic data for the evaluation of hazards to o p  
at* c m .  

?he teats were conducted following the SurSace Sbt. A general 
dew of the eqerlmental site is shown in Fig. 2.1. m8 teat area lras 
n m l y  plane, m e  of & U e e  or other gross aurface imgularities, and ,. 
camred to about 10 per cent by eagebnwh 1 to 3 f% high. 

The s o n  waa a no~ompacrted, noncohssive, s i l t y  sand ~reighing 
about 550 lb par ett ft. The mobturs content (due primat.Uy to nbfall 
before the Shot ) was appmxirmtely 20 per cent to a depth of 6 in. The 
aoU particle a i m  distribution, detemhed by sieve andy~Ls,  i s  shown .. in Table 2.1. 



Fig. 2.1 *era3 View of Test Area 

ThiBLE 2.1 

S O U  Sieve Andpis 

Wfrd speed varied f r o m  5 to 1 5  mph and air temperature from 43 to 
60 deg F, dPis3,ng t h e  t e s t .  

The radoactira contaminant Lay almost e n t k s l y  on the surface. 
b i n f a l l  after t h e  Shot and before t h e  t e a t s  were begun d i d  not result 
in any significant penetration of the soil by the  contaninant. &cay 
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ma apadmately in accordance with the tnlo2 lan. The average rabi- 
ation ffdds in w h i c h  the teats  were conducted (measured 3 ft a b m  the 
~urface), varied f m m  60 t o  300 mr per hr, depending on the location of 
the hdi~idualtest area. 

Seven IndLvidual tests were conducted, each @lo* one or a 
combhation of ~ h d a r d  earth- techniques. Throughout t h i e  report, 
those techniques that ia;PoIve the remwsl of ths contaminant from the 
test ara are called clearhp: methods; tachnkquea in which the contami- 
n a n t T 8 m i x B d w i t h t h e e o i l o ~ b u r i e d m d 8 ~ c l ~ e o ~ a ~ e ~ e d  , 

modifsinp: methods. 

Tablea 2.2 and 2.3 &de a complete of the elcper-taf 
procedtrrra in each test. 

Data on the reduction d the radiation in each oZ the sight 
ts8t8 is aumarhed graphicddy in Figs. 2.2 through 2.5. The reeults of 
meaausamenta of afrboms hazards t o  operatfng crews are p a e n b d  la 
Tables 2.4 and 2.5. 

2.6 DISCUSSION 

Fdn of the results of these tests can be generalbed bmadly. Con- 
ditions characteristic of the tea t  site, combined with the experimmtal 
error normslly associated w i t h  f i e l d  teats, tend to make mest of the . 
results specific for the tests performed, In order t o  provider a rna l ia t lc  
interpmkticm in the light of these Umitatians, performance efficie'nciea 
a s  stated aa ranges rather than aa a w e  values. 

The efficiemcy of cleartng tschLqws -0-g a motor 
grader or a t~~ ia, mnghly, 70 to 90 per c a t .  (See Pig. 2.2.) 
It 888 obsemd that dl acreping oprations were more efficient in 



TABLE 2.2 
Details of Clearing And Modifyhg Tests 

CLEARING METHODS MODIFYING METHODS 

AREA 3 AREA 4 AREA 5 

Tounrspull Scrap*: 2-t-kin, 
layer of s o i l  removed from area. 
Spoil  deposited *4CQ ft away from 
nearest edge. 

Area 

ktornader Scrap-: 2-in. layer 
of s o i l  scraped into side whdrows 
d o n g  Wft ~ i d e s .  

plow in^: Area plowed to a b p t h  
of $he 

Operat Ion 

Disc-harrow in^: h a  disc- 
harrowed to a depth of 2 to 4 in, 

(acre Equipent llengower per h r )  

Tournpull Fill*: &in. clean 
coil f i u  placed over area. Clean 
fill. taken from prePioualy scraped 
mm. 

12-cu-yd Ie Towneau Toumapull 
with a pay load of 8 cu yd, 
D-8 Caterpfllar pusher 

CaterpFllar nelf-pwrered motor- 
grader, 9-ft blade. 

>share dl i tarptype plow, ' 3 f t 
8 In. uide, 
D-8 C a t e ~ i l l a r  t o  pu l l  plow, 

U i t a r ~ r - t y p e  dbc-harrow, U-in. 
disca, l9 f t  pass. 
W.3 Caterpillar t o  pull  disc-harrm 

12-cu-gd Zs Tomeau Tournapdl 
with a pay load of 8 cu yd. 
D-8 caterpillar pusher. 



Area 

T M U  2.2 (Continued) 
Combination Clearing And Modif* Tests 

AREA 6 AREA T - 

200 BY 

200 FT 

T-ppll S ~ F B P ~ E  and Plow*: 
2-to-4-fn, layer of a o U  removed 
f r o m  central 200-bp2-f t area. 
S p o U  deposited 400 ft away from 
neamst edge. Axea around 200-bp 
mFt central area plowed t o  a 
depth of 8 h. end out to 420 by 
420 ft. 

&brmader Scra~inP: and Plminq: 
2-311. layer of eolL acraped into 
side windrors f r o m  -by-Gft 
area. Whdmws feathered out over 
uncleared area. Area arowrd cen- 
tral cleared awa plowed to e depth 
of 8 in. and out t o  440 by 440 ft. 

2 12-cu-yd Le Tourneau Tou~napulla 
with a p y  load of 8 cu yd. 

1 D-8 CaterpiUar pusher. 
2 3-share m i l i t a p t y p  plows, 3 ft 

8 in. wide. 
2 1)-8 CaterpUars t o  pull  plow^, 

2 CaterpUar self-powered motor 
gmdsrs, 9-ft blade. 

2 3-sham Utarpt4rpe plows, 3 it 
8 5.n- wide* 

2 I M  Caterpillars to pull  plms, 
. . 

. Rate . 
(mre 
psr hr3 

u2 
Scraping 

I 
norring 

1/2 
Scraphg 

1. 
Plow* 



Airborne 
C m t U t  

TABU3 2.3 

Field Measuraentn 

Air samplers flaced down- 
wind, upwind, and at the 
center of the t e e t  area to 
prwfde a base line of nur- 
m a l  airborne contaminant. 

Air sampler8 placed on 
equipment used in t e s t  t o  
determine amount of con- 
taminant made abborne fn 
w i c i n i t  y of equipment 
operator 8 

:s - 
1 

? 
I' 

Meaeuremmt 

GeJmma Field 

bir samplers placed down- 
wind, upwind, m d  at the 
center of the test area t o  
d e t e h e  m u n t  of con- 
h m h a n t  made airborne by 
operation of equipment, 

after completing the teats.  

bir samplers placed b n -  
wind, upwhd, and at the 
center of the test area t o  
establish a post-test level 
of &borne c o n t h a n t ,  

Before Teat 

~adiatforr level 0, 3 and 6 
ft above ground was meas- 
w e d  within the t e a t  area 
at the center, corners, and 
ends of t h e  major sxea. 

Radiation level at kcre- 
ments of 5 ft up to an el- 
vation of 55 ft was meas -  
ured at the center of the 
t e s t  area. 

Filters frmn respirators 
w o r n  by equipent operators 
were analgzsd for contami- 
nant. 

I 

During Test Post Test 

Radiation level  0, 3 arid 6 
it above ground m a  meas- 
wed within the test area 
at the center and along the 
major axes at various as- 
tances Prom center. 

R a U t i o n  lmel 0, 3 and 
6 ft above ground was 
measured within t h e  test 
area at the center, along 
the major axes a t  various 
dhtances from center and 
at the corners. 

Radiation level at fncre- 
ments of 5 ft up to an 
elevation of 55 ft was 
measured at the cater  of 
the t e s t  area. 

Radiation level 3 ft above 
the center of the tsst area 
was measured 24 and 48 hr 



' TAB~E 2.3 (Continued) 

Field Meaalir emente 

Before Test During Teat Poat T e s t  - 
Mstribution of . SOL core earnplea art- 
Contaminant In i n g  through the f u l l  depth 
S O U  of plowed s o i l  were taken 

t o  determine distribution 
of contalnkmlt. 

Exposum of Expsure of personnel to F%ba@p and pocket 
Personnel t o  ionizing radhtion mas dosimeter readiags ware' 
Ionizing dicated by uae of iih recorded. 
Badktien badges and pocket doshetem 

Shielding by equlpnent to 
operators wgis measured, 

 ont tam in at ion ~ ~ u i - t  u8.d -3mg t a d  
of Rpipvant was surveyed to determiLns 

amaunt of &borne con- 
taminant adherhg to it. . 

Elspa'ed time of each The of 
Operat ion operation m a s  recorded t o  

determine ratea of decon- 
tamination. 
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Security lntunnahon 

F i g .  2.2 Residual I;amma Field at Centers of Areas 1-5 



Security Information 
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Fig. 2,3 R e a i M  Gamma Fie ld  a t  Cmter of Area 6 



F i g .  2.4 Residual GruPma Field at  Canter of Area 7 



Fig. 2.5 Variation ka BssZdual Gamwi Field with Dhtance fmm 
. Center .of Area 7 



TABLE 2.4 

(b) Second d d d  *ampler h a t e d  500 ft beyond the iiret ampler  at edge 
of t e a t  m a .  

Air Sampling Data for T l m e  Tests 

TABLE 2-5 

Actiaty Collected by Respirator Piltera 

Time 

Before 
Operat ion 

During 
Operation 

After 
Operation 
- 

(4 Beta-gm. Aaaaciated alpha 
was always  less thga 1 dm for 
each filter. 

('1 Mta-ga~na. Associated alpha aotidty r a n  alwaps less khan 1 d/l/cu it. 

Mobile Samplers 
Airhome Activity d/rn/cu fda) 

Sample ~ i r ~ m m e  ~ c r i v i t ) r ( ~ )  (d/rn) 
Number lat HlterCb) 2nd ~ ~ l t e r @ l  

(b) Fteapiratora collected for analysis 
had double filters. Raedhgs on 
2nd filters d d  be amount of 
activity pansing through standard 
reaphator. 

Area 

1 
6 
5' 
1 
6 
7 
7 
1 
6 
'7 

Plow 

+ * 

-- 
- - 
* - 

1,200.0 
-- 

5,800.0 - 
- - 
* "  

1 
2 
3 
4 
5 
a 
7 

Cat 
Pushet 

- - 
- - 
- "  

315.0 
2,150.0 - - 

-- 
- - 
* * 

- - 

Stationary Samplers 
Airborne Activity d/rn/cu fda) 

48,000 
42.800 
38,400 
20.800 
4,000 
3,400 
2,600 

2,800 

3,600 
2,800 
2,000 
2,200 
2,000 

2.400 

Touma- 
pull 

- - 
- - 

245.0 
335.0 
- - 
+ - 
- 

- - 
- 

Upwind 
- r  

22.0 
42.0 

9.1 
160.0 
145.0 
44.0 
- -  
- -  
52.0.  
-- 

Motor 
Grader 

-- 
- - 
* - 
* - 
- * 

270.0 
- - 
- - 
" - 
-- 

Domwindl 

71.0 
63.0 
17.8 

200.0 
172.0 
68-0 
84.0 
... * 

83.0 
- - 

Center 

-- 
20.5 
17.2 -- 
75.0 - -  
210.0 
- - 
82.0 
- - 

 ownw wind^(^> 
- - 
36.0 

150.0 
80.0 
-- 
- - 
- - 
32.0 
- - 



FH 
damp s o i l ,  since spillage h the mds of the cutting blades decreaees ;4! 

E l  
as the soil, becameo mre cohesive. X t  pas determined that the dfffemce 'ii 
in ecrapfng priommce between the mtor mder m d t m p d l ,  as seen $ j  
in Fig. 2.2, was &e primarily t o  hot spots and- an abnormal amount of 
@pillage in the t o m p u l l  taert area. I /  

The test resulrts .tht a .t:bmugh -wetting o f  i ; 
the e o l l  would considera6ly mhmce the efficiency of any clearing method. ?I 
Rmcwer, fn vim of the paat quantities of water required t o  wet a large hl 

area to a sufficient depth, it is doubtAiL that t b  can be r e c m d e d  
1; 
L ! 

generally as a practical  field pmcedum. - =( - - - 
The mil  m v e d  In scrapdng n e 4  not be haulad a n ~ r  great - 

dbtance for dbporral, Satbfactory results may be obtained by apmading 
the spo5J. fn 8 lapr 2 to 4 3n. deep just wtaidc, the area beha& treated. 

f r 
The o p s r a t i o d  mte in .ecmPang testa w a s  approximately 

' 1 /2  acra per hr. /i 4' 

'Phs effectivemess of mathods d e w &  heavily on ti 
I! 

the bur581 pattern obtained. These methods do not rsmove the contamjaant 3 + 

fm the treated area, but bury or mix it on the spot. Each method pm- b] 
h'l 

duces a charecteriatic bur= pattern, md the depth of bur- for ang 
gLvm method can be varied by chsngJng the depth of cut or f i l l .  Hence, 

A it b impossfble to e b t s  8 apeeific efficiency for m y  particular mdi- 
f y h g  method without a very restrictive qwUfication concerning the 
depth of burial, The follarsing generalizations on buFkal depths can be 
mde , however : 

2. In plowjag, masf of the c o n t d m n t  i~ M a d  to a 
dupth of 40 to 60 per cent of ~ e r  depth t o  n h b  the plor cubs. 

3. Hamowing probes  a nomdfom Wum b the dpth 
to which the &acs cut. HatTmkrg may, horn, laam a p a t  part of 
the con-t k the mrface. 

The relative ~formancea of theme sethods h eadiddml 
tests are shorn in P i g ,  2.2, It is d d e n t  that the frreguhr &um 
produced by hamorring accounts for the m h t f v e l g  poor performanes in 
Axea 4 (about SO-per cent reduction). Of the three m~diiglag =tho&, 
f IJJAng and plmi~g me almost equally effective, and are capable of 
reducing a mdfation f i e l d  to about 30 psr cent of its Wtial lwd. 



2.6.3 Combhations Clearing andMoU& Methods 

Combinations of scrap- md plowing were tea ted  in Areas 6 
and 7. Scraping resulted in about 20 per tent less residual radbtim 
than plowing, and required twice as mch time. '/here f a b l y  Lsrgs areas 
are to be treated, a considerable saving in time can be effected by 
scraping the central portion of the area, and then plmbg peripherally 
out t o  the desired distance, The net r a d t  is a large saving in opera- 
t i d  tine (and, hence, a reduction in the exposure of working crews) at 
the expnaa of a pelatively a n d l  decrease 3n the we-all effectiveness 
of the operation. 

This fact is illustrated in Fig ,  2.6 itr which two combined 
scraping and plowing tests are compared. The difference in the  en&resulbr 
of the two operations wa8 3 per cent h residual radiation, a barely sig- 
nificant figure h the l i gh t  of experimental ewor. The difference of 
mrs than a factor of 2 in operational time is of major Smportance. It 
is mideat, then, tbt a judPcious combbation of scraping and plmhg 
can produce optimurn results f ~ o m  the standpoints of time and effectiveness. 

$1 
2.6,b Practical Apdication of Teat B e d t a  a 

$ ! 
. I  

Up t o  t h i s  poht,  the effectLv8nsss of reclamation measures a '.! 

in reduchg radiation fields has been discussed in terms of measurements 
taken above the center of the treated areas, As one proceeds from the 
center t o s d  the edge of a treated area, however, the radj,tLon intensity 

ii 
?! 

increases rather abruptly, tm shorn 5n Fig .  2.5. . Ci 
r! 
: 1 

If a ~ e r y  aran'lr area f a  treated, the rise in radiation !.' 

intensity with aiatance from the center is so sbarp that the benefit of' hl 

tho operation can be realized only at p o h b  cluae to the center. ks the :,I 
T1 

of *a area treated b hcreasad, the radhtbn intensity at the i i  

cmter decressee by d e r  and a d e r  amounts, aa shorn in Fig, 2.3. $1 
Hate, how eve^, in F i g ,  2.5, that m U e  the reduction at the center becmea Pi 

:I 
leas 8-i.ficant with increaahg area, thegercentage of the treated area $1 
over which a useful reduction is rsalhed becomes si&f lcant ly  greater. - >  

4 

This is evident in the change in the dope of the aucceesi~s radiation t: 
9; 

gradient curves in Fig. 2.5. 

For practical purpoees, the necessary reduction of the 
radiation f i e l d  must be achieved at the edge, mther than at  the center 
of the desired wor area. Figure 2.7 sxemplifkes the relationship 
between norldng a r 3 i . e . ,  usable area obtained) md treated area when 
scrap- techniques are employed.1 

A complete aet of graphs similar to Fig. 2.Tr covering a l l  recla- 
mation techniques both individudly and in combinations, and a range 
of practical heights, 5s in preparation at WSNRDL. 
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Exsmge: How Large an area muat be scraped in order to 
achieve a +per cent reduction in the rcrdhtfon f i e l d  measured 3 ft 
above any part of a uorkZng area 300 ft on a side? 

hter Fig. 2.7 a t  the abacisaa 300 rt. Bsad up 
to the Wpe~ cent Ilng and acrosa t o  the or+dinats, The o o n d i t i m ~  can 
be met by scraping an area 450 St on a aide* 

F U n  badge .and quarts fiber doebe* records durhg 
.the operatima fndicated that equimt opera to^^ receivlsd about 60 par 
c d  less exposum to ionizing radiation fhaa they n d d  hafe had t b q  
not been ishiddad by their  equipamt. It rm further notad ehat a d d i t i d  
mctucticas in antioipted doaagss rere afforded by the p r o p a s  ef the 
operstions themaelves, ba a rough mrla of thllmb, it oaa ba -timated #at 
the dose received by an qui-t operator during M a  rork dUt rUl be 
wtmd 30 psr cent of a e  dose received by a aran f U g  w e d  t o  the 
initial lwel in the operational area for the mam leagth of tiars. 

Tabls 2 4  show8 a d e f u t a  b-s in the drbrns  aetfdty 
cbuYlrrg the operating period. It a p p m  oonuluafm that an airborne 
hazard for e@-t operators and personnel w o r m  In the h e d i a t e  
area does sxlat. ft wae not debmined whether this hasapd would exi& 
for permnnel morkirq at acme distance beyond the bnediate operational 
area. 

b d m d  respirators aqulppd with a pair of ffltera h 
- series mere wed eiag the operations. It raa f ouad that b werp  

inahme, the sbgle filter o r d i P d y  pwvlded in #me rsspriratora ms 
bdequatm, that the ffrst filter p s e d  a eonslderable munt of aetivg 
material. Table 2,5 shaas the typ ica l  m d t s  of tests made aa awemid 
pairs of filters. It w a a  noted further that activity l k e d  around the 
half-sk mepirator. HalP-maak respirators, in general, am knadqute 
for reclamation operations. A full-face nraak, quipped w i t h  a Chsraicel 
Corpa H-ll type canister ahodd be provided. 

The lave1 of contadnation piolked up by heavp equipment 
wed 8urhg them taata rarely exceeded 10 per cent of the l m l  of the 
radiation f ie lds  kn which the squipmmt m a s  operated, P e c o n ~ a t 3 . o n  
of the exterior surfaces was  accampliehed satbfactorily mith high- 
prsaaure hoaes, The interior8 of cloeed cabs mere contamhated ahmet as 
heavily as exterior mwfacsa, ' but responded estisfactaxily t o  decant--, 
Zion w i t h  vacuum cleanera. 

It ma8 obaemed that operatiom 5n m e t  s o i l  led to s m m h t  
higher l sve la  of equipment contamination, a s  wet soil clung more readily 
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than dry ts tires, tractor treads, and other under surfaces, However, 
high-pressurn hosing semed adequately for decontamfnation under these 
cirCUrnstances. 

2.6.7 Recontamination Reclaimed Amas 

Gamma measusemente made in eaeh t e s t  area 24 hr after the 
completion of each test did not reveal any significant mcontdmtfon.  
It fa possitble, honemr, that the dampness of the sail  &er t h e  Surface 
Shot and the relatively large particle size produced tended to prevent . 
redistribution a f  the c o n M a n t  by the &d. A considerable amount of 
mdistrihtion was noted after the Underground Shot when the sail was d q r  
and the particle size smal l .  Currently a d a b l e  data is hadequate for 
a thornugh evaluation of the recontamination problem. 

2.6.8 sdanpower, Emimnt, -- and Time 

It should be understood that the matlvr, eqdpent ,  and 
time relstionships s h m  in Table 2.2 are fairly e c i f i c  fortheae testa. 
Such factore .as so31 type, topography, condition of haul roads, d hadhg 
distances may grossly affect operational raterr, Hmelrer, since the ra$ir>- 
logical problem has Pirtually no effect on operational retea, and sbce  
rhd&rd @pent and techniques crre used, any competent flald engineer 
should be able to estfmate rates, given a knowled@ of the f i a l d  conditiom. 

It mrar fwnd thst &thou@ ths eonbdnant almost d d l y  
an U 0  mwfacs, the radiation fields & o w  the tes t  areas comsponded 
& u a 4  t o  PieIda that d d  be psoduced by contadmmte lafxed mith the 
top m r  of soil.  %a phanuaenon can b attributed to 5hfeMbg sffacts 
plPdat9$ by d a c e  rwgbnass, For the eondltlons of them exprhente, it 

f m d  that the m f & ~ m  mudm8ss could he eacpmseed Am t e m ~  of aa 
- d e n t  depth g m u m  0fV1/2 b. A correction h r  wises roughass 
a W d  be introdneed in gqg sntterngt t o  pxadict the rewlts of Land 
m c h t l o n  efforts theoretic-, if shy fdx d e p e  of a~curwy ia 
dealred. 

It xan found that in r l t a  3,000 fb of the baab 
crater, the -tion field uaa dm, in Wge part, to oontadmtion in 
the enter  and on the crater Up.  It is, therefore, advkaabla t o  deter- 
dm, bsfore gqy laad saclamation effort i r  made, that the area to be 
treated l i e e  beyond the effectim reach DZ =crater &het',  

I, IWhtfon fie1ds afthim e w t e d  natural l a d  awaa aan be 
Fedaced 70 to 90 per cent thmugh the we of standard e h h w a  
cedums and equipenf. 



2, Manpower requirements and aperational rates do not vary s i p  
df ieant ly  from those tha t  would a& in the absence of radioactive 
matariah. . - 

3. Tn scraping operations, L t  is unnecessary t o  haul the spefl 
any further than the boundaries of the area to be treated. This mate* 
should be spread fn a Layer 2 t o  4 in. deep, 

4 .  Due t o  the shielding afforded by equiptent, the radiation 
dosage received by equipment operators WU be f m  60 t o  70 per cent 
less  than the dosage received by uashielded personnel working in the 
eame area f o r  the same time. 

5 ,  Internal hazards the to the paaence of &borne activity 
during operations can be m h i d z s d  by the use of standard protective 
clothfqg end f ull-f ace respirators. 

6. Recontamination of treated areas through wind action is rela- 
ti* unpredictable on the basis of present knowledge. 

7. Contamination of operat- equipment. does not consUtute a 
serious hazard, h general, equfpent WU pick up a maximum of 10 per 
cent of the level of t h e  f i e l d  in which it operates. Decontamination to 
acceptable tolerance levels can be accomplfshed adequately with high- 
preBsur.8 hoses. 

In vim of the particular limitations of the tests reported here, 
the concludons dram should be w e d  only to prmide broad plannhg out- 
h e & ,  hrther tests in. which variations due to s o u  conditions, topogra- 
phy, and type of contambating event car1 be determined should be attempted. 

/- 

it is feasible, nevertheless, to write a standing operating fir* 
cedure for h d  reclamation on the basis of the tests reported here. 
This atandine operating procedure could serve u n t i l  such time as further 
testa provide the necessary material for reviaion and augmentation, 



IMD RECUEATION - BY BARRIER TBCHNfQUES 

R, H. Reitmann 

A series of Pow experiments were conducted after the Surface Shot 
b an effort to evaluate the protection affordgd to personnel traversing 
or occupying a radioactively contamhated reeon by interposing earth 
barriers between the radiation source and the  area of occupancy. 

The ~e la t ive  p d e c t f p e  merZts of a foxhole, a continuous trench, 
a sunken madway, and a circular cleared area m 5 t h h  a c o n t d t e d  regian 
were evaluated in term of the reduction in dosage afforded t o  personnel 
occupying them, Barrier techniques were  compared to surface techniques 
(Chapter 2 )  in term of radiation reduction, workhg a m ,  and effort 
mqLdred* 

It was found that an earth mall 4.5 ft high on either s ide  of a road- 
way reduced the radiation field In the r o a h y  by a factor of abut 3.5, 

The radiation intensity at the bottom 09 a foxhole and a trench was 
found t o  be lass  than that at 3 ft above the ground by a factor of about 
20. 

A circular claarsd a ~ e a  180 ft fn diameter afforded a radiation reduc- 
t5on of a factor of 5 ,  measured 3 ft above the  center. It was determijled 
that increases b t h e  diameter of the clearing beyond 200 ft did not afford 
q significantly greater reduction at the center. 

J31 comparing b d e r  and surface techniques, it was found that for 
a gtm amount of t h e ,  and using identical equipent, surface clearing 
yielded a greater me3dmum reduction 5n the radiation f i e ld  (by a factor of 
1.5) and produced appro-telg 4 times the working area (see Sec. 2.6.4) 
produced by t h e  barrier technique. 

The experiments reported here had the  f o l l d n g  general objectives: 

3.. To meaaure the reduction of radiation intensity in are- protected 
by earth barriers d t h i n  radioactively contaminated regions. 



2. To compare surface techniques (Chapter 2) and'barrier tmhntqea 
Itn t e r n  of effectfvenesa and effort reputred. 

3. To Snmstigate, ,recontaminat%on of cleared areacr within the bar- 
rier system due t o  air anigratlon of contaminants, 

4. To determine the effects of radtological hazards on the pmduc- 
tion rates of engineer equipment used in these expex5ments. 

The four tes ts  we- conducted in Amas 1 and 2, as bcttcatsd In fig, 
3.1. 

The 3Gby-lOeSt roadrnags were constructed lath two D-7 angledozlere. 
The roadbadrs were deepened in succeaaim pasaea, and the apoU md.ndmmd 
along the edges t o  form the barriers. The en& of the mdwaya were walled 
io t o  simulate roads of inffnita length. Radiation htensity -dings at 
0, 3> and 7-ft elevations were t u e n  at the points hdicated in Fig. 3.1 
for barrier heights of 0, 3, and 4.5 it. 

The circular clearing (l8&f% b m e t e ~ )  was made fn three succsaaim 
operations with a bulldozer, pushing the top-2 in. of moll  SorraM the peri- 
meter. The cMLe mas c l e d  to 6 b f t  dfamter, then t o  Ubft, and fin- 
d l y ,  t o  18+Ft, fntenslty readings were taken 3 Ft above the at 
the center, and at 30-ft intemda dong the north-south and east-met 
dhmters a f t e ~  each clearing operation, aa shonn in fig. 3.1. 

The foxhole (1.5 ft wide, 6 ft long, and 4 fi deep) end the trro mtu- 
ally perpendicular trenches (each 1.5 ft Pnds, 40 ft long, and 4 fi deep) 
were dug with a MeMmene rerUeal ditcher. The mJor axma of the fa- 
hole - snd the trencl~es were oriented as shown fn Fig. 3 2 ,  rrhieh lalso indi- 
aatea the p o b t s  at which htensi%y -dings were made at elevations of 
0 (on the bottom), 3, and 7 it. 

Addi t iona l  intens5ty madings rmm made at selected saiarence poiats 
oubside each working a m .  These readings p d b d  a check oa the b t r r z -  
ments as w e l l  as a a t a n M . m l t h  which t o  compare day-to-day decay. 

For all ma ding^ on or above the sariace, the operator faced d m  
south, holding the meter (ANJPDE~~TIB) horkzontdly before him with the 
meter face up, thus prorldhg a constant metar orLentation throughout. 

3.4 mULTS DISCUSSION 

The major result8 of the roadway telrta are shown graphically 
2n Fig,  3.2. The result in Area 1, an average of 4 per cent residual 



FT 
I 

GROUND ZERO 
(SURFACE SHOT) 

FOXHOLE AND TRENCHES 

Fig, 3.1 layout of Test Areas 



A R E A  I AREA 2 

AVERAGE - - - - - -  

AVERAGE 
I 'O- t---- 

AVERAGE 

a 1 I ' 1 I 

1 
J 

3 4 5 
0 0  

2 .  I 2 3 4 5 
MEASUREMENT L I N E  MEASUREMENT LINE 

0 INITIAL LEVEL A LOO FT A LEVEL AFTER SURFACE CLEARING 
LEVEL WITH 5 4 - i ~ .  B A R R I E R  

EACH POINT PCOTTED'IS THE AVERAGE OF 
3 READINGS AT 3-FT ELEVATION OVER 
THE MEASUREMENT LINES SHOWN 
AT RIGHT. I 2 3 4 5 

Fig. 3.2 Results of Roadway Tests 



radiation (at 3 ft) f o r  a barrier height of h.5 ft, waa poomr than antici-  
patad, It waa detal7nhed, by additional measurements, that scattered gam- 
m e  from a h e a d l y  contadmated re on hed iake ly  to the west of Area 1 "f contributed largely to th ie  result. 

Area 2 was located in a fairly t i n i f o w  contaminated region 
hatrFng a higher average fni t ia l  i n t ene i ty  than Area 1. fn Area 2, the 
average residual radiation, 3 ft over the mad, was 26 per cent of the  M- 
Itla1 level f o r  a barrier height of 4.5 ft. 

It was determined, in Area 1, that barriers higher than 
4.5 Ft dld not aff0l.d sufficient additional reductions to warrant the effort 
requfred t o  erect them. Unfortunately, this conclusion could not be tested 
in Area 2, where a layer of caliche at a depth of 18 b. prepented further 
deepening of the roadbed and raising of the barrier beyond 4.5 ft. The 
pe r tben t  data are plotted in Fig. 3.3.  

3.4.2 Circular Cleared A r e a  

The stepby-step reaults obtained in clearhg the circular 
a m  a m  shown in Fig. 3.4. It was noted that increasing the diameter of 
the clearing beyond 200 ft dld not afford si-icant additional reductions 
at t h e  center of the clearing. It ia important t o  note, however, t h a t  as 
t h e  aree of the clearing is Fncreased, even beyond 200 ft, t h e  port ion of 
the area over mhich a aonssiderabls general reduction is obtained Increases 
significantly, 

The circular a m a  rras cleared in t h e  same time it took to 
erect 4.Fft barriers on either side of 30-by-10eft roadways. For 9 proper 
comparison of the effectiveness of two techniques, the working areas pro- 
duced w each must be compared, 

For the mad In Araa 2, the 4.5-ft barrier reduced the radia- 
tion f i e ld  t o  26 per cent of its initial level, and this reduction was 
fairly constant over the  entire area between t h e  barriers. 4s seen in 
Fig.  3.4, the mcudrmun reduction, at the center of the circular area, bmught 
the f ie ld  to 19.5 per cent of i t s  hitiaL level.  The portion of the  c b -  
cular area over which 8 reduction. of 19.5 to 26 per cent was obtained was  
roughly 120 ft in diameter, Hence, f o r  the same expenditure of time and 
effort, the b&er technique produced a working area of 3,000 sq ft # 
crowred to roughly U,OW aq ft for the  surface clearing technique. The 

' There was no indication that crater shine influenced the msult, despite 
the pmxbit.v of Area 1 to the crater. 
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surface clearhg techdqae, then, 18 mom effectivei than the h h e r  tach- 
niqu* in both the - reduction afforded and the working a m  produced. 

3.4.3 Foxhole & Trenchee 

The average f i e ld  i n t h s l t y  3 ft above the foxh01e eite arrs 
70 mr/hr. h d i r r t e l y  af'tsr excamti on, the field intensity at the bot- 
tom of the foxhole rras 3 mr/hr, and the average intensity at  points 1 ft 
below the edge of the hole was l2 mr/hr. 

The average f i e l d  intensity I n  the nefaborhood of the 
trenches was 80 m/hr. The intensity at the bottom of the trenches atrexc 
aged 3 mr/hr, and thr.intensity a t  pohta  1 ft b a r n  the edges averaged 
12 mrfhr, The difference in orientation of the two trenchea had no notioe 
able effect on the resulta, 
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SCALE. : 60 ~y 
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Hg. 3.4 Reduction of RadLation F i e l d  Fn Circular Cleared Area 
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3.4.4 Reconbnination Study Pi 
?I 

+ 
i' . 61 

There ma,, in gensml, no great-,ammnt of recontamination ii 

in either 'of the tm teit imas. It l a  probable that the rain and snow, 
1 on the second and fourth days after the Surface Shot, e t a b u z e d  t h e  test ! ! 

site suffici entlg to p m n t  exbensive air 'migration of the contaminant. Il 

fn a l l  of the tests conducted, the operatland rates for 
the engineer equipent uaed were: unaffected by the presence of radioactive 
contadmanta. AU. operating personnel wore respirators and protective 
clothing without jmpafring their efficiency, None of the aquipent became I( 

contdnated t o  a level t h a t  muLd present a hazard t o  either operators i4 
or entenance  personnal. I, 

I., An earth w a l l  4.5 ft high on either side of a road in a contam- 
h a t e d  area was capable of reducbg the radiation f i e l d  omr the road by a 
factor of about 3.5. 

2. Surface c l e w  was laore effectiw than the barrier technique, 
producing a greater maxfmnsl reduction fn the radiation f i e ld  (by a factor 
of 1.5 for the tsst conditions) and a greater working area (4. t b a  
greater for the test conditions) for the same expenditure of tima and 
effort. 

3, Personnel on the bottoms of t~enches or foxholes 4 Ft deep 
mould have received, roughly, 1/20 of the dosage they d d  ham recsfmd 
if iXQ ~xposed on the surface in the same area. 

4. Radiological ha&arde to personnel =re a m d  thmugh the 
use of raspirators and protectle clotbhg. 

5. !he operational rates of tmgheer equlpent =re unaffected by 
the presence of radioactive contaminants. The level of contadnation 
picked up by this e9ufpent during operations did not constitute a 
hazaml to either operators or maintenance personnel when proper pmcautions 
wem exercised, 
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4.1 ABSTRACT 

A flame decontaminating unit ( U S m L  F l u t o r )  incorporating a 
burner, a surface removal tool, and a vacuum pickup system was tested 
on wood, asphalt, and concmte svrfaces contamhated by t h e  Underground 
Shot, The decontadmtion efficiency of this unit was checked against 
the  efficiency of conventional surface r s m o d ,  sweeping, and vacuuming 
techniques not employing flame treatment. It was found t h a t  flame treat- 
ment increased the efficiency of rrurface removal techniques on wood and 
concrete by 25 t o  95 per cent. F1- softening of asphalt followed by 
reraphg rmmoved 97 per cent or more of the cant-t. Performance 
data on the F w a t o r  indicated that the unit 13 operationally feasible 
at fulk. gcale. 

The mperfmenter reporbed hem had the follolping objectives: 

1. To test the d e c o n t ~ t i o n  efficiency of flame t re~kt.  

2. To catpaw the relative merit8 of the Elambator with meeping, 
vacuuming, and various surface w m e d  technique8 fop  d, con- 
cmte, and asphalt surfaces. 

3. To provide baaic data for tha eva2u~tion of rsdjlological hazards 
associated with flame cleaning operations, 

PJwm 4.1 is a general plan of the test areas s h a g  their loca- 
tion with respect t o  pound zero of the Surface Shot and the p a a  det8dJ.s 
of the layout w i t h h  each awa. 

A descriptfan of the maSn feature@ of the mod, asphalt, and con- 
crete surfaces is dvsn in t h e  f o l l d g  erections: 

Tbe wood t e s t  strip was asaembLed fmm wood sections 



I t 

A R E A  X 



prefabricatad at USNRDL. These seetiona consisted of three varleties 
of unpainted rood (fir, teak, and pine) which might be found on a ship1 s 
deck. No payhg or cal ldng material was used in the  cracks between the 
boards. The mod strips were a m g e d  to permit determination of the 
relative efficiencies of with-grain .~rs cmss-@ operation, 

Flat-head nakla were eountel.sunk i n t o  the wood a t r i p s  for 
beta-mwsummnt rsferrsnce p o h t a  and for use in determhhg the  amount 
of surface remowed by each mod d e c o n t ~ t i o n  procadurn. Two nails  
were locatad in evem 5-Ft section along the center line of each rzm, 
which gam eight masuraments per run or four for sach 1bPt section 
of ui th-grab  or cross-grab travel. 

The asphalt test s t r i p  consisted of a b n o e  large sur- 
face aggregate, and m s  not typical of the t y p  of asphalt found on w e U -  
surfaced highways or muways. (The aggregate h the asphalt ranged fmu 
1 t o  3 in, b a t s a d  of the normal pea-gravel usual& used in a good p d s  
of asphalt, ) 

The aephalC mawy ahom in fig, 4 , l  was marked of f  into 
a strip 32 ft long end ll ft 8 in. dde ,  The a m  was further subdidded 
-to 5 atrips or runs 28 in, d d a ,  Bsdiation ~ r s a s u ~ g  points w e r e  marked 
off emrp 4 ft along center Unes of sach 28-in. stFip. Beta measurements 
mere M e  wlth the US#RPL beta pmbe on the aurface at  each of these 
point@. The teet s tr fps  were fir& decontaminated by the PLaminator fitted 
with the  fiber brush, and then t h e  ssme area was further decontaminated 
by the burner and ecraper, 

The concrete t e s t  a t r i p  had a vev rough finish whlch would 
r e p r e a d  ona of the =st difficult aurfscea t o  decontaminate. The con- 
crete strip lnra d i d e d  into two 32-ft sections, one of a c h  ppgs u8ed 
after the surface detonation and one of which was reserved for deeon- 
tamination studies after the h d e r p u n d  Shot. Each of these t e a t  areas 
m a  dfvlded into teat strips 28 in. wide and reference points were marked 
~ 5 t h  a center punch emry 1, Pt along the center line of sach atdp .  Beta 
pmbe m u m m n t s  m e r e  mdet at each one of these paints before and aftrr 
each pass* 

4.3.4 Fbdmtor and B2uk-t 

The FlsmZaator i a  shown in Hg. 4.2. 



L TOO. ' 



Aceeseories t o  the F-tor included: 

For mod: fiber bfush, d m  brush, Rem tool, and sander. 

For asphalt: fiber brashand scraper, 

For concrete: fiber brush, wire brush ( so l id  fIU, h o t ,  and Ternant 
types), and Ram tool .  

In conjunction lpith the decuntmhation m a ,  Btudfea were 
made of costs and performance rates and of amounts of waste resulting 
from each operation. 

W g  bcontadnation operertfona the amount of c m t b  
tion in the h e r  &st gaass and in the atmaphere surmuding the 
sarfacea was detemined by Team Humber 7. The equfpent u a d  to obtain 
t h e  namples for those dstsrminationa ma daaigned by t h l a  group, A cap 
placed over the 3-ia. barrier d u s t  h a  coveraet appmidmxtely one-thlsd 
of the  opehg.  To thjp cap, an electric blower was connected by a p p m  
prlate f i t t fnga lrhich dmw a portim of the exbust gases thmw approx- 
U t e *  27 aq in. of a s p ~ ~ i a l  ffltsr medium, Another filter of this 
s ize  was located a p p w t e l y  6 fn, away fmm sad in tha center of the 
exhaast side of tha 0. S, ~ r m y  C h d c a l  eorpa b 6  fUtsr. 

To s@a the colrtadaation in the allmounding alr, an & 
samples wss placad near each of the t e s t  atrips during the  dacontdnation 
operatima * 

4.4 RESULTS 

Tbs results of these taste,  pzuraentsd aa tables on the fo l lodng 
pagee, cowia t  of reprsaeakatim emplea  of data taken froatha complete 
flald data sheeta available at USiBDL, 

M a s  4.1 thm- 4-3 praaent the m n l t a  of the dacontmhation 
operstLons on the wood, amphalt, and concrete aurfacea. 

'lable 4.4 covers the a i r  aa@hg data. 

Table 4.5 prmaente the data rn c o n t ~ t d  wastea collected during 
operatioas. 

Ojmratiand. rate and coat r i m e  a m  glmn in Table 4.6. 



TABU 4.3. 
Wood Deccntarojnath Results 



G n h .  Information 

Wood Decontaminati.m Resulta 
. - 

12.200 20,600 - - 
F i k  Brush Teak 46.0  33.0 - - 

39.0 28.0 .. 

10,600 15.800 - - - ., 
Pine 53.0 73.0 - - - - 

47. a 54.0 - - - 
The first figure listed for each type of rood is the initial beta 
lwel (WE). The second and third figures are the residual beta 
levels after the first and t h i r d  passes respctively, 

Asphalt Decontrvnitution Results 

hlthl Brmshhg and 

( z f a l l  vaKT 
Per Cent Residual 

(Based on 
hit i d  (b) 

6.1 
1.4 
4.3 
2.9 
1.7 

 eta messuramnt. Windon area approximately 100 sq an. 

'b) These values would be the same for burning and scraping without 
prior vacuuming and brushing. 



--- 
Security lnf~matin 

TABLE 4.3 

Concrete D e ~ o n t ~ t i s n ~ ~ & s u l t s  
3. 

F l d t  or Time Pas Measurament Per Cent 
(a) 

Accessory ( a ~ )  Number (m P c per 100 BQ em) Residual 
o 9,960 100.0 

Fiber Brush u + 9  1 7,940 79 1 
0 7,360 100. Q 

I 3, 4,400 60.7 
rnTHOUT B I m m  
0 1,530 100,o 
1 75G 49.0 

W i r e  B m ~ h  S + 6  2 790 45.7 
(Solid Fill) 3 630 U. 2 

4 500 . 32.7 
O 2,030 1oO. O 

W i r e  Brush S + 7  1 1,020 50-0 
(Knot TYP~) 2 $90 43.4 

Wire Brush U +  10 0 7,700 100,O 

( ~ e m t  ) 1 6 , u o  83.4 
O 9,840 1 O o m O  

( 1 7,820 79.5 
Rev0 Tool, u + 9  2 5,980 60.8 

3 4,480 45.5 
4 3,560 J2*2 
5 Z,b&o 26,& 
WITH BURNER 
0 2, 2TQ 300 ,O 
1 640 30.9 

Wlrs B m h  s t 6  2 550 a* 2 
(solfa FI~) 3 503 22.0 

4 290 U,8 
0 2,630 100.0 

Wire B m ~ h  S t 7  1 990 37.6 
( k t  ,Type) 2 $30 31.5 
 re B P W ~  u t 9  o 6,340 100.0 
(Tennant ) 1 4; 520 71.3 

0 8,W 
1 

100.0 

2 
6,260 70.5 

Rew Tool u + 9 4,220 
3 

40.3 
2,940 

4 33.0 
2,100 

5 
24.0 

1,1400 
la) 

16,O 
Beta measurement on Pass No. 0 equals lnitllal le-1, 

c 



TABU3 h.4 

A i r  Sampling Data 

Surface king Time of Period of Beta-gamma Alpha 
Decontaminated Air Sample Sampling -- Sampling (d per rn per cu fr) (d per m per cu ft) 

Background During Operation 258 4 1lSarnple 
During 

Wood Burner Exhaust Burning Operation 15 min 1,750.000 46, 6 
M-6 Filter During 

Exhaust Wire Brushing 15 min 430 None 
During 

Burner Exhaust b n l n g  Operation 10 min 91.800 11.95 

Wood M-6 Filter 
Exhaust During Operation 5 mio 1,800 <l/Sarnplt 

Background During Operation 2 hr 320 0. 02 
Wood M-6 Filter During 

Exhaust Burning Operation 10 min 4,200  0.44 

Background Ptior to Operarion 4-5 hr 3 15 None 

Asphalt During 
Wuner Exhaust Burning Operation 15 min 8,900 60. 0 

Background During Operation 2 hr 20 <l/Sample 

Wlmer Exhaust Burning Operation 15 min 52,000 12.0 

concrete ~ur ing@j  
Burner Exhaust Brushing weration 25,000 4.4 
M-6 Filter During 

Exhaust Brushing Operation 50 min 48 .= 1/Sarnple 

car Burnera were off during this samplhg operation. 

T h B E  4.5 

Decontamination Wastes 
L 

Surface Method Waste kmoved 
- 

Revo Tool, l s t  Pass (Runs 7- 12) 2 Ib or 3 gal per 100 sq ft 

Wire Brush, Ist Pass (with Grain) 1.7 Ib or 1.8 gal per 100 sq ft 
Wood Wire Brush, 2nd Pass (with Grain) 1.12 lb or 1.3 gal per I00 sq fr 

Wire Brush. 3rd Pass (with Grain) 0.8 Ib m 1.2 gal per 100 ft 
Sander Vacuum Cleaning Not Determined. but Estimated 

to Yield Considerably More Bulk 
than Other Two Tools 

Vacuum Cleaning 1 ro 1.5 qt per 380 sq ft 
Asphalt Scraper 0.02 to 0.04 cu ft per sq f t  (Estimated) 
Concrete Wire 3rush Slightly less than 1 qt per 80 sq ft 



Asphalt 

surfacing ination Hour ft 
spka Tool (sq fib/ Cu Ft  ~on(a:  Cu?t Con 

(ft/min) (in.) pass) ($1 I$) 

(a) Fropane costs based on @,08 per lb. 
0) 1 

Cbprgen coata balred on W.008 per cu ft. 

b 1. ooo ksq f t ~ h r ~ f t  1 
Per Hew 

The d e c o n ~ a t l o n  rate dven in ap it per hr pa ft of remrfatbg 
tool width is of value determinfng the decontdnation rate t o  be 
expected by a larger size F W a t o r ,  Multiply thSs rate by the w i d t h  
of the eurface rsmoval tool in feet to detedme the  aq ft per hr 
per pass. 

. . 

Wer b m h i n g  and vacuum cleaning rateat wood and concrete, 20 ft per 
min; aBpbalt, 15 ft per min. 



S o c ~ r i t y  Information 

DISCUSSION 

k n t y  hours after the Underground detonation, the dosage 
rate In Area A was 3 t o  10 r per hr. The entira  area m a  covered m i t h  a 
layer of very f h e l y  powdered, Ught-colored d u d  app-tely 1/32 to 
4/16 in. thick, Since the radiation f i e l d  #as too hlgh for safe working 
condftlons, a land reclamation team was sent into the area 4 day8 later 
to ercrape and plow about 40 ft around each ~ i d a  of the wood and concrete 
strips. & this operation, the dose rats on the test s t r i p s  was reduced 
f r o m  appmldmataly 1.5 r per hr to 400 mr per hr. T h i s  f i e l d  was st i l l  
so high that the stay t h  would have been vexy short. It waa a leo o b  
a e m d  that the area was recontaminated almost daily by dust blown from 
the Underpound Shot crater (see Fig, 4,3), 

The mod strips were removed f r o m  Area A and reassembled 
on the northwest missile throwout atrlp where the radiation level was 
only 1 to 2 m r  per hr, Working in this ares proved ideal. d n c e  the wood 
atrips were s t i l l  running between 50 and 200 m r  per hr Wth an average 
of 100 mr per hr. Prior to deconta?d.natfon, most of the o f i g h d .  hyer 
ef contandmted duat had been washed from the mod t e s t  strip by the rain 
but after reassmbly of the wood seetianfir on the missile l U o u t  s tr ip ,  
a thia layer of Ught-colored dust still adhered to the entire surface, 

Flama treating gmatly increased the efficiency of a l l  the 
surface removal tools,  From the data in Table 4.1 it was detesmined 
that when using the w i r e  bmsh or the sander, the oxypropane burner in- 
creased decontamination by a factor of 2. Decontamination restilts for 
the Revu tool were fmpromd by a fac tor  of 3.5. 

The hlgher reduction h contamination with the use of the 
burner was a result of two factors: (1) moFe surface mas removed per 
pass, as shown in the surface ramoval measurements of Table 4.1; and 
( 2 )  part of the contaminant was carried off by Polatilized material and 
anoke particles a d  was discharged from the burner hood  able 4.4). 

In all tests conducted on fir and teak, the w i r e  bruah was 
auperior to the  Revo tool and sander, both of which gave practically the 
same reaults on these two varieties of wood, Ckl the other hand, in tha 
t e a t s  on pine, the Revo t o o l  and gander gave better results than the wire 
bmsh, aincs the deeper penetration of the contandnant made greater sur- 
face removal nacessarg. It was noted that a considerable amount of recon- 
tamhation occurred during sandhg operati~ns. 



Fig. 4.3 Dust Blawing h Pdergrouad Shot Crater (IJ + 8 -13) 



The effect of direction of travel (with grain or cross grain) 
varied with the type of wood and with different surface removal tools. It 
can be seen from Table 4,l,that, Tn most cases, with-grain travel gave t h e  
hij&est reduction in contamhation, 

It Kfll be observed that on fir and teak them was a greater 
d u e t i o n  by with-grah travel, and an p h e  by cross-pah travel. A much 
larger amount of surface was removed f r o m  the pine by cross-grain travel; 
this condition was particularly etndent by wisual observation when using 
the Revo tool, Traveling with grain, this tool pounded and compressed t h e  
p h e  surface, and very Uttle removal was obsemd. On croas-grain travel, 
however, this tool chewad into tha eurfacer f o r  a considerable depth. 

The 'pacuum cleanhg operation, assigted by the fiber brush, reduced 
contamhation by a factor ranging f r o m  1.4 to 3.0 with the first pass on 
a l l  of tha mod surfaces. Until after decontamination with the fiber brush, 
alL three m e t i e s  of wood had the same appearance, and one wood could not 
be distingulahed f r o m  another, The t e a k  samples were cleaned up much batter 
than the other sample8 and had a br igh t ly  polished appearance after the 
first pass. After the second pasa, no duet was vis ib le  on any of the wood ' 

surfaces, and the contaminat2on was reduced an additional 10 to 15 per cent. 

Them l a  no appamnt correlation between the surface removal 
measurements and the reduction in contandnation, This is due princS$lly 
to the method used in the determination of the amount of surface m h d .  
The surface removal measureinents obtained were not a tme measurn of the 
amout of surface removed, but were actudly  m lsurements f m  the head 
of the pin to the averages of the high p o b t s  over appmldmately 6 sq in. 
of surface. When wing the wtre brush, grooves w e r e  cut into the surface, 
particularly on fir and pine, and t h e  Bvo tool compressed the wood by its 
pounding action; t h i a  resulted in erroneous surface r e m d  measurements, 
When us ingthe  sander, t h e  surface removal measurements were reasonabhg 
accwat e. 

Other methods of measurbg the amount of surface removal 
were t d e d  at USNRDL, but an accurate method fast enough for f i e l d  use was 
not devised. The kndivLdual measurements by the method used, however, 
were reproducible within 0.002 to 0,003 in, 

L5 .2  Asphalt Decontamination 

PrLor to Lasing out the test strip, a sumy mas made of 
the roadway and it was found that it was possible to obtain rwdSngs 
varybg by a factor of 8 for -latirely small  s h i i t a  fn the position of 
the beta probe, dependhg on whether t h e  probe was over a smooth area or 
a dust-filled crack or hole. The variation was f r o m  2,800 t o  21,000 mpc. 



~ G Q  Information 

A lakg8 portion of the loose contaminated dust had been swept to the 
shoulder of the road by tmck traffic and rain. No previous decontami- 
nation had'bem attempted on this area after the Underground Shot. The 
dose rate d d g  these tests was 80 to 150 mf. per hr. 

On one pass, t h e  f iber brush assisted by vacuum cleanhg 
removed moat of the loosely held surface contgminant, However, the mate- 
riaL im the deep cracks or amall holes, and the material tenaciously held 
on the surface were not picked up by the 'brush and vacuum. The average 
residual contamination after fiber bmshlng m e  abut  37 per cent, as 
seen in" Table 4.2. 

The %tor equipped d t h  the qqmopane burners and 
scraper left  an average of 3.5 par cent residual contamination (cf Table 
4.2). Mrectly behind the burner hood, the asphalt mas soft t o  a depth 
of appmAmate1.y 1. in., but due to cold weather during these t e s t s  it x ~ e -  
so l id i f ied  rapidly. Because of this rapid cooling, it was necessary t o  
add considerable weight to the scraper to obtakn effective cutting. With 
the scraper loaded d t h  4W lb, a layer of asphalt approximately 1/4 to 
1/2 h. wae removed. In the vicinity of the t e s t  area, slight re- 
contamination of the clean asphalt by truck traffic was apparent. 

The plrlmary objective of the asphalt tes ts  mas to prove that 
flame softening, foUomd by scraphg, was an effective h d u s t r l a l  decon- 
tamination method. The speed of decontamination could be greatly increased 
by hcreasing the total heat output of t h e  bmers and p lachg  the scraper 
d i r e c t l y  behind the burners. A commercial asphalt planer, similar. t o  t h e  

# Clmhmre asphalt mad heete~planer, w l 3 1  plane (or cut ) a path 6 ft wtde 
to an average depth of 4 /2  In. at a rate of l6,3W aq ft per hr or at a 
Unear speed of l/2 mph. TMs unZt is used f o r  resurfachg bituminous Bur- 
faces (such as sheet asphalt, asphaltic concrete, plant mix, patented mixes, 
and Trinidad asphalt) by planing the flanae softened surface. This  plane^ 
uses 7 gal of No, 2 f u e l  oKl per hs and 30 gal of gasoline at a t o t a l  cost 
of appm3dmately N.16 per a q  yd of surface, and requires one operator, 
T h i s  un9t could be used on contaminated surfaces, and virtually complete 
decontamination would be expected. 

4.5.3 Concrete Decontamination 

Flame treating increased the efficiency of the Revo tool and 
a l l - t h r e e  types of brushes tested on the concrete, as shown in Table 4.3, 
It mas observed that when the so l id  fil l  w i r e  brush wae used, the reduction 
in contamination was Mgher on one paas with the burner than m four passes 
without. However, when using the Revc tool with the burner, only one less 
pass was required to reduce the activity t o  a given value than without the 
burner. The specific characteristics of the concrete surface made it neces- 
s a r y  to operate the Flarninator at a higher speed on concrete'than on the 
mod test strip to avoid glaz ing  the high ridges on the surface. (Glazing 



the surface is undesirable because it seals b the contaminant.) Pre- 
d o u a  flame cleaning tests on concrete at the USMZDZ gave more effective 
decontamination than was experienced on t h i s  operation. It is believed 
that on a smooth, w e l l  aged concrete surface, the BTtt output of the 
bumem could have been hereased pplth a resultant lncrease in the decon- 
tadnation efficiency, 

Insufficient data were collected to draw any definite con- 
clusions on the efficiency of the various Psire brushes as compared t o  the 
Rew, tool, a h c s  only the Tennant wire brush was tested under the same 
cond%tions. (~ennant w i r e  brush m a s  the only brush tested after the U n d e ~  
ground Shot, ) 

The Tennant are brush gave a lower reduction in contamina- 
tion than the Rewr tool, It is believed that the so l id  K U  wire brush 
d d  have given better results. The Tennant brush is an open-type brush 
which i s  wrapped amund the hub to form a spiral .  The waste is fad to the 
side of the vacuum hood by t h i s  brush. Considerably more vacuum is re- 
quimd t o  remove the waste than with the soUd fiLZ brush which throws the 
waste into the -cum hood as it is loosened. 

me fkrst pass with dl of the tools removed a higher per- 
centage of contadnation than succeeding passes, because on this pass the 
loosely held contaminant on the surface was removed. Upon comparison of 
the fiber brush and Revo tool data fn Table 4.3, it dIl be o b s e m d  that 
the initial 1-1 on these two nvls was appmxbately the sane, with t he  
fiber bmsh giving approdmately the same percentage decontdat ion  on 
the f i r s t  pass as the Revo tool. It 1s believed, homevex, thak as was the 
case with 'the mod test strips, using the fiber brush fo r  mom than one 
pass wmld not appreciably reduce the level achieved by t h e  first pass. 

4 4  Personnel Hazard 

The present A t d c  &era C d s s i o n  (m) toleranca for 
contkous  b~eathing  of beta-gamma contamination fo r  one year is 63 d per 
m per cu ft or 630,000 d per m per eu ft for 24 hr continuous breathing. 
The tolerance for contfmrotls breathing of  alpha contamhation for one year 
is 0.32 d per m per cu ft. 

The gases discharged from the burner exhaust pipe m e e d  the 
tolerance for conthous  breathing for one year by a considerable amount, 
but insufficient &ta were collected to determine the seriousness of the 
personnel hazard. 

It fl be observed by a study of the data in Table C,4 
that d u r h g  operations on the mod and concrete surfaces, the background 
count was less than or only equal t o  that obtained in the vicinity of the 
asphalt test area prior to the decontamination work. 
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The count obtained on the b m e r  exhaust during the &con- L I 

tamination of the wood s tr ips  was much higher then that obtained on the ji 
ssphalt  and concrete. . A  brge amount of contadnatlt rae concentrated c, 

Ji l  

between t h e  boarda on the 'wood strips, and Z& % beUeved that th38 
materid wae  b l m  leose by the jet action of the oqpmpane flame. 

61 
!I 

!he values obtained on the exhaust from the b l 4  futm are 
not necessar3ly an evaluation of the efficiency of the b6 filter becawe 
of the s m p l h g  method aaerd. The air a w e  mas located apxfmate3y 
6 in. from the M-6 filter and 2 t o  2 4 2  ft above the surface r d  
tool. It ia: quite possible that a m a l l  mount of t h e  material removed 
by this tool escaped the collection hood and reached the air sampler; 
some of the materfal discharged from the burner hood may have also been 
picked up by t h i s  afr sampler at  the rear of the machine. The couats 
obtained on the fflterw from this sampler, hmvmer, mere not apprechhly 
hQhm than the background, 

k! 

Although the reaulta obtained by air sampling are not con- $i 
cluslve, it was  shown that a considerable amount of contamination was dis- $1 

k1 

charged from the h n e r  hood. It is desiErable that the F l d a t o r  opera- I) 

tor mear an efficient respirator, 

4.5.5 Additional Observations 

Sume equipanent and packkg boxes were removed f ram Area A a t  
the t5me t h e  wood section8 were transported t o  the northweat misaile thrm 
out strips. The various items had been cwered by a tarpaulin prior to 
the Underground detonation and had remained covered during the cant- 
hating event and rainstorm. The tarwtdh showed 300 t o  500 m per hr 
w h i l e  the equipment and boxes showed a dose rats of only 3 t o  5 mr per hr 
when moved from the c o n m a t e d  area. 

Radiolo&cal safety nprutee+3.vea cloth- was very inade- 
quate for thU particular operation, Upon completion of the day1 8 work, 
it was  found that the kneea of the operatorst underclothhg were v - 8 ~  
highly contaminated from keelhg  to take the depth measurements. Holes 
were worn h the bootees In a few hours, resdthg in high3y contaminated 
shoes at the end of each day. 

COMCLWS IONS 

The hasic idea of the Flamlnator is sound, and upon e x p i a h  to a 
Pull ~ c a l e  model it can be developed into a practical, operational decon- 
tadnat ion unit. 

Flame cleaning (treating) in embination w i t h  surface removal tools 
ia a very effective metbod of decontdnating wood, asphalt, and cpncmta. 
Flame treatment of w e t  wood eurfaces makes it posefile ta use surface re- 
moval methods of decontamination which might otherwise be fneffeetive. 

iB. ara C - '  



'She effectiveness of a U  surface remvol. tools is greatly increased 
by prior treatment with t he  flame. 

The Fladmtor when equipped lath only two differant tools ( w i r e  
brush and scraper) m i l l  effectively decontadnate wood, asphalt, and 
concrete surfaces, Le . ,  Wire bmsh f o r  wood and concrate, and acrapar 
for asphalt. 

Sweeping (fiber bmshing) assisted by vacuum cleaning is a fairly 
effective tactical decontamination method, but since the rates of opera- 
t i o n  are about the same as f o r  surface remod-, the use of flame clean- 
ing equipment, if a d h b l e ,  is preferred. 

FIo apparent hazard is involmd b the maintenance of the Planhator, 
but during operatform the opsmtor should be protected by an efficient 
reaptrator, 

Badiolo&cal safety protective cl-othing was inadequate for th ie  
particular opret iun . 

SuppUos and bulk materials can be protected from contamination 
w m e  in storage by covering with tarpaulins, 

Investigate the pasaibiUty of increashg t h e  Flaminator opera- 
ting s p e d  on wood and concrete by tha application of fmproved burners 
and fuels* 

Test the e x p h n t a l  F1admtor aboard an aircrart carrier 
fllght deck-to determine the effectiveness of flame cleaning and sur- 
face removal meethods on payed deck*, Prepare d e s i p  specifications 
for a full scale Flaminator for use on flight decks and other wood sur- 
f aces. 

Investigate the adaptability of commercial asphalt road working 
equipment, such as the Clarbmre heater-planer, for use b contaminated 
areas. Prepare design modifications if necessary, so that such equip- 
ment can be prepared fo r  the Armed Forces on the ahortest possible notice. 

Conduct laboratory tests  on various grades and types of concrete 
surfaces to establish t h e  factors involved in t he  effectire decontmlna- 
tkon by %lame cleaning and surface removal. 

Develop methods of atabil izjng t h e  crater  resulting f ram an Under- 
ground .let onation, thus reducing the possibility of recontamination. 

l i l t  

E i  



Plan an underwater contaminating event in which both l i q u i d  methods d ! 
and surface ramoval methods a m  used in the decontamination of various f i , 
types of ship  decking ~ r ' s b d e . t e d  decld~~g, complete d t h  payed joints. $1 

6 



DEXONTAbZNhTIOhT OF PAVED A W  
I-- 

J, C. Money  

5.1 INTRODUCTION 

This is a report on a series of f i e l d  tests which were conducted 
at Operation JANGLE t o  evaluate equipment and techniques for decontamina- 
t ion  of paved areas which had become contaminated as the  result of ~ u r -  
face and underground atomic bomb detonations. 

The c o n t h a t i o n  of the  t e s t  area mas the result of: 

1. Fall.-out, an6r base surge; andor t hrow-out effected by but h 
a surface and an underground detonation, 

2. Transport of the contambarit to the t e s t  surfaces by e n d s  and 
the operations of personnel and vehicles. 

The test results can be used in the fornulation of field procedures, 
using available equipment, for the decontamination of paved areas. 

The f i e l d  t e s t  was undertaken: 

1. To determine the merits of various decontarhat icn methods and 
equipment, and the speed with &~ich, in each case, superficial contadna- 
tion can be removed f ron paved roads. 

2. To investigate t h e  external and internal personnel hazards 
associated with each decuntadnation method. 

3. To establish t h e  manpower and protective equipment requirements 
for each decoritadnation method. 

5.3 PAOCEDUFlES 

5.3.1 Test Surfaces 

A l l  deeontmhation studies were perfomed on a mad that 
had been made by compactjllg a mixture of rock and bituminous Liquid. 
Individual road sections, 5O ft long and approximately 1 5  ft wide, were 
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chosen for the evaluation of each decontatnination procedure. b c h  sec- 
tkan was subdivided jnto four roras of 10 rectan&s each, the  rectangle 
size being approximately 4 ft wide and 5 ft long, 

513.2 Methods and auiprnenf, 

The following d e c o n t h a t i o n  methods and decontamination kt 

81 
equipment were tested: il 

Method 

prs. b w f n g  

Vacuum Cleaning 

Air Hosing 

Rater SprMcling 

Sweeper, mtarg bmoat, 
trafler mountd, tmction 
power 

r !  
35-HP Spencer ~acuum cleaner El 
315-cfm Schramn air c o b  51 
pressor ti 

Decontamination truck 
(apparatus, decontamination, 
power driven, m61) 

faw Pressure Hosing l b g p m  pump and garden hose 

High Pressure Hoahg hcontamination truck 

Net Sweepine Sweeper, rotarg broom ~ 5 t h  
jmprovised spray bar 

Air and Water Hosing 315-cfm Schrmm air carre- 
pressor and l&- water 
Pump 

An qerimental portable beta probe developed by USNRDL was 
used t o  measure beta intensity on the paved surfaces. A t  3-ft and 6 4 %  
levels above the; surface, gmm intensfty readings were taken with a 
Raychronix Model D-3A beta-gamraa survey meter ("Cutie Hen) with the end 
window closed. Detailed informstion on the U S ~ L  kstrument is @ven in 
Chapter 11. 

5.3.3 Test Frocsdwe 

The var5ous decontdaatim procedures were applied t o  roads 
in the northwest quadrant of the Underground Shot area, 2,000 ft to 1 mile 
from ground zero, This work, which was  done as soon after the bnmb detona- 
tions as permitted by the Radiological Safety Group, started at  the greater 
distance from ground zero and progressed toward ground zero as radiation 



decay allowed safe access. 

Each procedure was evaluated as follows: 

1. Intensity readings were taken at the center of each of 
the  40 rectangles w i t h  the probe in contact w i t h  the surface. ( A  rope 
w i t h  markers at 5-Pt h t e r v a l s  was stretched along t he  road shoulder to 
guide the plachg of instruments). The surface readings are expressed 
in microcuries for appmximately 100 sq cm of surface. In addit ion,  gamma. 
readings were taken at 3-ft and 6-ft heights above the mid-point of the 
rectangle s ides  lying along t he  road centerline. The surface r e a h g s  are 
used h emluting decontamination efficiency, w h i l e  t h e  gamma readings 
above the road are a measure of t h e  radiation hazzrd to personnel whether 
afoot or in vehicles. 

2. Each procedure was applied f o r  a predetermined t h e  
interval.  

3. EBch test area was resurveyed to determine# the decon- 
tamination achieved. 

b e  and manpower requirements were deternhed for each 
operation. In sewral operations, Steps 2 and 3 were repeated t o  ascer- 
tain whether or not a stable level of residual contamination, for the 
particular technique employed, had been reached. 

5.3.4 Procedure for Dstembin~ Personnel Hazard 

The externel and internal personnel hazards associated with 
each decontamination procedure were determined as follows : 

1. Operating personnel were equipped with  special film 
badges to record the dosages incumed during the decontamination process. 

2. Operating personnel were monitored periadically to deter- 
aine the munt of radioactive materials deposited on their clothing. 

3. Air samples were taken i n  the vicinity of the operators 
during representative operations t o  determine t he  airborne activity. The 
radiation intensity on respirator filters used during representative opera- 
tions ma also determined, 

Tables 5 . 1  and 5.2 show the mean initial and final radiation intensity 
readings for each decontamination operation. 

Tables 5.3 and 5.4 show: (1) decontamination efficiencies, ( 2 )  p e p  
centags reductions in intensity at the 3-ft and &-ft levels, and (3 ) equip- 
m e n t  hour  requirements for each operation. 

rli. 
bcurltr Information 



TABLE 5.1 
(a) 

Pecon#mbation Data for  Surface' Shot 

Gamma Intensity 
above Road, 100 m/hr I Surface Contamination 

I PC)  
Date Method of I)ecMt~minati~n Initial 1 Final 

I 

At 3-ft Level I At 6-ft Level 
Initial 1 Final 1 Initial 1 Final 

-, 

I 22 Nay I Vacuum 1 6.7 1 6.1 

22 Nov Air HOW 5.5 3.7 

24 Now High Pressuse Hose 3.0 0.3 

(a) 
A U  values corrected for background, The readh -7 shown for surface 
conkamhation are the ar%thmeti.cd average af 40 . .a.dhgs; other values 
are t h e  average of 10 readings. 

Decontamination Data for Werg ound Shot 

Gamma 
Surface Contamination 

Date Method of hitla1 1 Final 
- 

30 Nor Vacuum 29 I 16 --- 
30 Nov Dry Sweep 30 6 

1 Dec 
Wet Sweep 1T  I1 

PIUS water ~~nse(a) I T  2 
I I I 

30 NOY Water Sprinkle 22 I 11 

1 High 5.5 mfn 18 6 
and Ptesme 11, min 18 0.9 
3 Dec Hose 13 mln 16 0.4 

3 Dec Low Preshre How 24 4 

30 Nov 7min  10 3 
and . Air Hose 1 l min 10 1 

- 3 Dee 15 min 32 2 

4 b e  Air and Water Hase f3*Q I , - ''a - .. - 
(a' sufficient water, h.om lon pnssure nosale, t o  carry loosened contaw 

M i o n  off of road. 



Smmmy of Results for Surface 

These reeults are Mluenced by prior weather (high w i n d s  far one 
day plus a rainfall of sereral hours d u r a t i o n y  - - 

0') 
The percentages shown in parentheses are the correspondhg statie- 
ticaw derived values with a probability confidence level of 95 2.~er 
cent. These w e r e  derived using the %-test for difference of meanst1. 

Summy of Results far Underground Shot 

(a)~tatisticaU.y derived; see  able 5.3, note (b). 

@)Due to the shortage of water at the t e s t  area, a truckload of water 
with 0.3 cent solution of Tide, a household detergent, was uti l ized.  a 

(C)Due t o  m a l f a n c t i o w  of sumey instruments, the hithl resdfngs had 
t o  be retakn on the adJacent stretch of road subsequent to decontamina- 
tfon operation. These results are considered f&Iy r e h b l e  however. 



Security Information 

- .  - -  

Operation 

High Regsure Hasing 

Air Hosing 

Dty S-P 
Wet Sweep 

F: 
A3rbome Hazard Data(') I: r~ I 

L1 

Date 1 
@ a ~ l  Type Evaluation 

Air Sampler 

I Respirator (Control) 

Respirator (Operator) 
S + 3  1 Respira tot (cmtroll 

U + + 2 I Air *lrilarnpler SampIer 

( KG per liter) 
7.2 x 10-6 
1.0 x 10-6 
2.6 x 10 '~  
8.9 x loe6 
2.3 x l o m 5  
5 .6  x 10'~ 
2.1 x 10-4 

(a) VaZuea u e  not corrected for decay. During both neeping operation. 
the sir sampler ma mounted on the brushing trailer, Sample b not 
mpremntati- of air an operator w d d  breathe. 

No dosage differential,  resulting from the various decontamfnatian 
- processes, was detected on specid ILLm badges worn by operat- personnel. 

H m r ,  since the individual dosage l b i t a t i o n  of 3 r for the duration of 
the combined Operation BUSTER/JANGLE limited this Investigation to areas 
of relatively Im-1-1 contamination, t h e  operations involved could re- 
sul t  only in minor &ffemnces in dosage, 

Usually no clothing, oPith the exception of bootees and gloves, was 
contamfnated beyond the specified radiological safety tolerance, 

Table 5.5 is a compilation of air sampler and mspirahr filter data 
fo r  the various operations. The results are inconclusive due tn the .smnll 
rmmber of samples taken and t h e  limited scope of each test; however, there 
is no fndfcation of serious i n t e d  hazard associated with these opera- 
tfons . 

Subsequent t o  t h e  Surface Shot and prior to the start of de- 
contadnat ion operations, high aPinds and a rainfall of several hours dura- 
tion m o v e d  essentially a l l  loose contamination from t h e  test road so 
t h a t  a l l  wipe tes ts  were negative .l In cansequence of this weathering, 

This r ipe  t e a t  wai perforred by nip- the parad surface with r pad of 
cotton gauze and then detedning t h e  amount of Loose radioactive con- 
taminatf an on this pad by using a "Cutie Pien survey meter, 



the gamma f i e l d  intensity, at a height of 3 ft above the center of the  
road and also above the upmind shoulder of the road, had been reduced 
by about 50 per cent. This would account fo r  some of the d d e  disparity 
between the Surface and Underground Shot t e s t  results. 

In general, the many variables encountered in these tests 
precluded the production of accurate quantitative data. The 40 inten- 
s l t y  ~ea&gs, varging fmn 2 to 16 PC, sham in Table 5.1 as an exam- 
ple for a single teat section, should be used as a basis for quatat ive  
conclusions only. 

5.5.2 Effectiveness - of Pmceduma 

Of dl t h e  procedures tested, high pressure hosing was the 
most effectim, although the air hosing, dry sweeping, and low pressure 
hosing mm also very efficient. 

The best pmcedum, from the standpoint of speed and affective- ':1 
"- 3 

E 
neas, appara to be wter hosing at  the highest available pressure. Of -4 course, t h i s  procedure is l imited to areas having an adjacent, adequate < <  

water mppIy system, I\ 
i l  

b areas where the use of water is not practical, dry meping $1 
or air hosing procedures must be used. A atraet sweeper truck, preferably - 
with debris pickup and hopper, is recommended. : 4 - ir 

5 . 3  Reduction in Radiation Le~e l s  

The observed fntensity at the 3-ft and &ft heights above a 
8urface after its decontadmtion frequently could not be correlated w i t h  
the m f a c e  intensity reduction. These inconsistencies am=, of course, to 
be expected h d e a r  of the nature of these tests. 

The radiation htensity above the road after decontamination 
obPiously depends on: 

.-A 

*=> 

1. The disposition of the contadnant-whether it is collected !I 
5n v-aeuum cleaner tanks or mereLy mored to the road shoulders. I* 1 

tl 

2.  The re-deposition of h d - c a r r i e d  contaminated dust mmi4.b 
ing f'mm dry operations. 

3. The resettling of the runoff resulting from wet operatiom 
according t o  the topography of the area. 

k i n g  the dry sweeping operations, a dense dust cloud was 
generated wbich hovered in the dcknity of the brush and its ehield, This 
h a t  on resetWhig wuuld aeeonnt fo r  some of the contamination on the road 



after t.he operation. It i a  themfore recamended that aa e d u a t i o n  be 
made of the use of vacuum t o  remove this dust cloud. Sweeping ~ 5 t h  a wet 
brush does eliminate the dust cloud but is not a satisfactory method of 
decontdnation unlesa followed by a water ~fnse,.~see Table 5 . ~ 1 ~  . - " ? 

The relationship betmeen decmtmination efficiency on a sur- 
face and the intensity reduction above this surface a t  the 3-ft and 6-ft 
lemls w d d  be jxlflusnced by the redeposition pattern which in turn 
depends upon the terrain featurns and wind. 

5.5.4 Protective, w'pment and Uanpower huirements  .. - 
h 

-2 - - For dry operationss an ample supply of standard fatigue cloth- - - 
- 

ing and dust mspirators should be available. Wet operations should be per- 
formed with rubberized clothing, heav  rubber gloves, knee length rubber 
boots, head covering, and face shield f o r  protection against spray, mud, and 
runoff water. 

& p e r  requirements for the various decontamination methods 
did  not vary significantly. It is expected that ,on larger scale operations, 
dry sweeping would require minfaazm manpolrer. 

CONCLUSIONS - AND R E C O ~ D A T I O N S  

5.6.1 I)ecoatmhation Methods 

Ugh pmssure water hosing mas most effective, However this 
requires an adequate, adjacent water supply or a more sconamieal use of 
water brought in by equipeat such gs the  mAI prrrrer driven decontaminat- 
h g  apparatus. Flooding the road with l o w  velacity water did not produce 
satf s factory results. A commercially available street flusher, equlpped 
with hfgh pressure water j e t s  should be satisfactory, 

High preasure hosing with air was very effectipe but had the 
disadvantage of spreading the c c n ~ t i o n  in the form of a dust cloud. 

The least effective decontamhation was o b h h e d  by wing the 
large vacuum cleaner, d t h o u t  accompa@mg brushing. However, it mst be 
amphaaized that improved perfomance should be easily obtained by redesign- 
ing this unit* 

5.6.2 Operathg Procedure 

It is recommended that adequate drainage f r o m  the road shoulders 
be prodded far any wet operation, A small ditch about 2 ft deep and 1 ft 
wide serves the purpose, Thfa should be filled in artar the roadway deeon- 
tamhation t o  shield and firrmobflizs the deposited radioactive material. 



5.6.3 Personnel. Safety 

No significant activity was detected on protective clothing 
worn by members of the test group. Rootees and &oms were discarded at 
the and of each day; a l l  other protective clothing was morn f o r  several 
days before being discarded, Larger scale operations and/or operatfons 
in areas of mch higher radiation intensity, on the other hand, could 
result in significant contadnation of the protective clothing. 

I;amma shieldkg may be required for personnel engaging h 
extended decontamination operations. Studies on the shielding afforded 
by vehicles are described in Chapter 10. 

5.6.4 Sumstions ntum Tests 

The following decontamination methods and equtpment should 
be evaluated: 

I. prg brushing mith vacuum pickup. 

3. Road patrol sweeper (uses devieg to automatically transfer 
debria ) , 

4, Street flusher.  

5 .  Fim hosing. 

Techniques, after a h d n g  p d s e  in prelidnary t es ts  should 
be tested on a larger scale, perhaps on a 5004% stretch of madway. 

Provisions should be made fo r  burial or disposal of radioactive 
waste as it is concentrated or ~olLectsd during decontamination procedures. 
Wlrial in ditches along t he  road appears to be a suitable solution. 



6.1 ABSTRACT 

An attan* was made t o  apply the field three c-n decontam- 
b a t h  methods (fire hoshg, hot l iqu id  cleaning, and vacuum cleaning) 
to the removal of radioactive contanlaant from the exterior aurfacea of 
three experimental budldhnga. Measuremente were made to detemhe f i e l d  
eff activeness, ~ a t s s  of performance, and hazards. The effects of typical 
surfaces md geomtrfca upon *eae factors mere also investigated. 

It m a e  determined that a combined method of vacuum cleaning Pol- 
b e d  by hot liquid cleaning was  most effective, resulting in an average 
reduction of the contamination level by a factor of six, 

The shape of She building surfaces appearedto have a greater 
effect on decontamfnat%on than the nature of the surface materfal. Per- 
sonnel hazard were not signUicantly greater because o f  decontamination 
operations. 

These siperimenb on the decontamination of tmt structures had 
three major objectives: 

1. To d e t e d e  the effectiveness of three clean* methada: 
water washing with f k s  hose; hot liquid cleaning with a d x h r a  of 
atem, hot water, and detergmt; and vacuum cleaaSng. 

2, To d u a t e  the relative effectivmeaa of various surface 
p~otsctive coatings hi minlmPr;ing contaminatbn anq/or fac5lTtathg 
decontamination . 

3. To detemhe time and m power requhemmts for each of the 
methods. 

Zn addition, hiformation ma& t o  be gathered pertaining to: hd%- 
v i r b l  and team health hazards hheremt in the methods; disposal of can- 
taminated waste resulting f r o m  the methods; and effectf~eness of t- 
training. 



kcurjty Information 

The experiments were carried out on three test buildings after the 
Underground Shot, The buildings were located at a distmce of one m i l e  
in t h e  direction N I0 deg W, The test procedure consisted of two major 
steps : 

1. Preparhg the structures and their surfaces before the Under- 
g r m d  Shot. 

2. Decontaminating the structures. 

Accompaqdng procedures were: (1) Taking a c t i d t y  measurements of sur- 
faces after the atomic bomb detonation and after decontamination; and 
(2) taking additional data regarding time-manpower requirements, health 
hazards, and waste disposal. 

6.3.1 Freparln~the Structures and Their Surfaces 

6.3.1.1 Description of Structures 

The general appearance and location1 of the 
three test structures are shown in Figs. 6.1 and 6,2. Two of the build- 
ings (designated Buildings 1 and 2 )  were standard, basic steel magazines, 
I& ft by 20 ft (designated by the Bureau of Yards and Docks ae Advanced 
Base Equipmmt No. W-10~2) , These structures were received in used 
condition, Each building had one open end. The closed end on Building 1 
consisted of prefabricated vertical sheet metal  panels. The closed end 
of Building 2 was framed and sheathed with hor izontal  dmp siding, 
Building 3 waa a smal l  wood frame structure measuring 10 by 12 ft and 
6 ft Mgh and was constructed at USNRDL. iyhdow and door openings 
were provided. The roof had the normal flat roof pitch and was provided 
with a parapet on half  of t h e  perimeter. 

6.3.1.2 Preparing the B u i l d i n g  Surfaces 

The two magazfnea ( ~ u i l d h g s  1 and 2) had been 
previcclsly painted but in several places required scraping and wire 
brushing to remove rust, scale, and old paint, The wooden structure 
( ~ u i l d i n ~  3 )  had been previously coated with a rarniah type wood sealer. 

F i e l d  surface treatments of sections of the 
three structures are shown b Fig, 6 ,3  and 5n t he  legend of Fig. 6.4.. 

After the burst, it was found necessary to relocate t h e  buildings. 
(see Section 6.5 .&,) 



Fig .  6*1 Orig ina l  Building Layout 

NO. I 
N 0 . 2  
N0.3 

BUl LDl NG DESCRIPTION 
MP-I0  B 2  READY MAGAZINE 
MP-I0 82 R E A D Y  MAGAZINE 
PLYWOOD FRAME 

N 

k 

CLEARED 
AREA - \ 



Fig. 6.2 Test Structure8 In Cleared Area 
{L t o  R: ELdgs 1, 2, and 3 )  

- 

Fig, 6.3 Preparing t he  Building Surfaces 



BARE STRlPS 

r+l 

OPEN END 

FIN. F I N A L  FlNlSH 
No. 

R E M A R K S  
COdf  l N G S  

STRIPPABLE COAT 36-IN. STRIPS 

1.3 Z I N C  CHROMaTE 

1.4 NAVY S H  

2.2 

2.3 

1 I 
ASBESTOS 

3 * 5  I SHINGLES 
JC COVERS EduE-HALF. AND EXTENOS PART 

NAVY 5H 

ARMY 0 D 

3.1 

3.2 

TAR AND GR4YEt  

ROOFING PAPER 

PARAPET 4 ONLY 



These treatments include Navy and Army standard paint, a strippzble 
coal;ing, a prime coat, and a varnish, Roofs were surfaced with tar-and- 
gravel raiLxture and with roofing paper. 

A por t ion  of B d d i n g  3 was covered with asbestos 
siding. 

6.3.2 I)econtamSnatin~ the Structures 

Although some variations and conbinations of techniques 
were employed, the decontamination methods can be mnsidered zs three  
eneral opsrslions: (1) fire hosing (washbe w i t h  cold fresh water); 
$2) hot liquid cleaning (cleaning wi th  a mixture of hot l i qu iC  and 
detergent using a Sellers injector desiefled fo r  the U. S. Eayy Bureeu 
of Ships); and (3) vacuum cleanhg. 

These three decontamination methods and the basic wastee 
disposal technique are illustrated in Fig. 6.5. The decontam 
h a t i o n  schedule is given in detail in Table 6.1. 

D e c o n t h a t i o n  Schedule 

Method and Technique 

Vacuum cleaning with 15-in, brush 

Vacuum cleaning with 3-fn. brush 

Fire  hosing 

Fire hosing + wet scrubbing 

Hot l iquid j e t  cleaning 

Hot liq,uid j e t  eleanjng 1- wet 
scrubbing 

Vacuum cleaning with 15-in. brush 

Vacutm cleaning with 3-in, bmsh 

Surface Decont&ated 

On crests, top half  of B u i l d k g  1 

In troughs, top half of B u i l d i n g  1 

Top half  of B u i l d h g  1 

Building 1, from arch joint to 
foundation channel, South wall 
scrubbed; a l l  of building fire- 
hosed 

B u U d i n g  2, a l l  

Kest scrubbed, all of build- 
kng cleaned w i t h  hot liquid j e t  

Building 3, all of roof 

&libding 3, back of parapet 
aectbn only 



T A B E  6.1 (continued) 

L 

Method and Technique Surface Decontdnated 

Vacuum cleaning with 15-in. brush B u i l d i n g  3, dl four walls 

Vacuum cleaning without attach- Bui ld ing  3, parapet section, 
ments roof (excess and loose gravel) 

Vacuum cleaning with 15-2n. brush B u i l d i n g  3, all of roof 

Vacuum c l e d n g  with 3-in. brush Back of parapet section only 

Vacuum clanhe w i t h  15-in. brush B u l L d h g  3, all f o r  w a l l s  

Hot liquj.2 j e t  cleaning Building 3, all .  exterior surf aces 

6 -3.3 Acco~panyine. Procedures 

6.3 -3.1 Measurement of Contamination Levels 
6 ;  

Before and after decontamination operations, + I  

1 radiation Iwel s w e y s  were made a t  preselected survey points with a . . -- -. 
proportional beta counter (see Chapter u). Where gamma f i e ld s  existed -. -- "- 
which were beyond the range of the beta probe (roof of Bui ld ing  3, and -. 

" - -- 
tar and gravel on BwUding 2 ) ,  a f i e l d  survey instrument (AN/~fl~-27c) 
was used. Readings of the  two instruments were correlated by means of 
a series of measursments on the roof of Building 3 in which both instru- 
ments were employed, 

6.3.3.2 Taking A d d i t h a  Data 

During a l l  f i e l d  teats, approximations were made 
of the t h e  required to connect equipment, time required t o  start a d  
wamn up equipat, and t h e  required fo r  each cleaning operation. 

M8n power requirements were judged as follows: 

1. Was the avaflable man power sufficient t o  
enable the  operations t o  be satisfactorily completed w i t h  the existing 
equipment? 

2. Could the available man p o w e r  be utilized 
more efficiently with additional equipent or with equipment of more 
suitable design? 



Hot Kqujid Jet 

Vacrmum C l e d q  U@ Maate D i s p o s a l  

Fig. 6.5 Decrontamination Methods andmaate  Dispaaal 



During a l l  operations, the air was sampled by members 
of the instrmmentatim team using quipnent described in Chapter J1, 

F-. Samples were &o taken of runoff water (FQ. 6 ,5 )  during l iquid clean- 
ing  methods, except those used on Buildhg 3. 

a 

v 6.4 RESULTs 

The results of the deeontamhatjon methods, singly or 3a 
combination, are presented in Tables 6.2 through 6.6, In these tables, 
t h e  values in milki-ml.crocuries (m c) are based on an h s t m m t  probe 
~ i n d ~ l l s  of XOO ~q 

F k s  Hosing ~ w u l t a ( ~ )  

Surface 
~ o n t m i n ~ t e d  

Steel., 
Weathered, 
Galvanized 

Steel, 
Unpahted, 
Galvanbed 

Faint, 
Nav~r 5H 

Activity bsf ore 
Decontamination 

Cm PC) 

700 
6,m 
2,000 
4, lm 
2s ZQO 
1,750 
21 400 
l ,4W 
2,m 

230 
230 
290 
3W 

1 s  
450 
700 
400 

52 
68 
42 
50 
49 

Activity after 
Decontambation 

( m ~ r c )  

327 

$.;(b) 
314 

1,386 
1,128 

968 
$59 

1,500 

82(b) 
68 
95 
109 

491 
321 
382 
zorc 
459 

P a i n t ,  
- O D  

, 

Contamination 
R s m a h 4 g  
(per cent) 

46 
9 

36 
8 
54 
70 
40 
61 
60 

36 
29 
33 
36 

49 
TT 
55 
50 
45 

1,600 
400 
a0 
400 

1,000 

K d b )  
272 
35k 
2Qk 
491 



TbBIE 6.2 ( ~ o n t h u e d )  

Fire Hosing ~esults 

Strippable 
Coat 

Surface 
Decontaminated 

( a  h o  applications. 

(b) Reading after first hosing was loner than reading after second hosing, 
s discrepancy discussed in Sec. 6.5. 

Ac t iv i tg  baf ore 
Decontamination 

(W 4 

Hot Liquid Cleaning Results 

Activity after 
Decontamination 

( m ~  C )  

Contamhat ion 
Remaining 
(per cent) 

Contamination 
Remaining 
(per cent) 

23 
19 
27 
3& 
77 
25 
26 
30 
40 
32 

9 
6 
10 

9 -- 
19 
10 
10 
12 
19 

Activityafter 
Decontamination 

(m p C) 

110 
80 
160 
90 
200 
180 
MO 
210 
w 
ZQO 
60 
100 
80 
60 

$0 
40 
$0 
70 
120 

r 

Surf ace 
Decontaminated 

Paint, 
Army OD 

Paint, 
Mav 5H 

Activity before 
Decontamination 

(mp C) 

4m 
420 
600 
5m 
260 
$00 
7M 
680 
rn 
620 
660 

1,800 
760 
680 

4X, 
400 
580 
5m 
640 



TAME 6.3 (continued) 

Hot l iquid  Cleaning ~asults(') 

Surf ace 
D e c o n t h a t e d  

A c t i d t y  before 
Decontdnatbn 

(m PC) 

Paint, 
Haw 
( Continued ) 

Contamination 

(b) Pirst application of method gave l o w e r  result than the second 
application. This discrepancy may be due to geometry, Snatrument 
failure, l o c a a e d  "hota spot, or related factors, 

(mr~bi 1 4 h . d  

Vacuum Cleaning Results (a) 

Tar and Gravel 135 
I W  
l l 0  
200 
150 

Surface 
Dacmtadnhted 

I2 
SL 
30 
10 
23 

A c t b i t 7  before 
Deeontanhatim 

CW cl 

9 
6 
9 
5 
l5 

19 
22 
26 
3k 
19 
18 

Aetivityaftm 
Decontsminat fan 

(m b~ 4, 
Paint, 

Navy 5H 

Contamination 
R- 
(per cent) 

1,450 
1,250 
29 150 
2,150 
3,550 
1,550 

-- 
282 
282 
517 
729 
305 
282 



TAB= 6.4 (continued) 

Vacuum Cleaning ~ e s u l  ts (a) 

Activity before Activity af ter  Contamination 
Surf aes Decontamination Decontamknation R w g  

Decontaminated Im P C )  Imp C) (per cent) 

Paint, 2,650 305 I2 
Navy 5H 23 550 305 12 

4,3m 1,m 23 
4, 7m l,m 20 

650 700 (b) 108 Ib) 

;;(bl 
28 

X, 
us (b) 
80 

472 (b) 
66 

32 
51 
65 

k8 
31 
52 
47 
53 
49 
67 
64 
72 
88 
91 

Paint, 9,5m 
m of3 500 

l9 (b) 

3r  500 

Pasnt, 
zinc C h r o m a t e  

Strippable 
Coat 

Steel, 
G a l ~ h e d ,  
Weathered 

Shingles, 
Asbestos 

(=/h) (mr/hr) 

8 , W  
650 

1,100 

4, ooo 
3~3m 

4,500 

7,5m 
2,750 
4, 

4,450 
1,750 
450 
500 
550 
600 
350 
550 
650 
400 
450 

1, 
900 (b) 

1,3m 

4,400 2*m(b) 
3,000 

2,400 
1,4m 
2,600 

2, 125 
540 
23 5 
235 
29k 
294 
23 5 
352 
470 
352 
4 u  

22 
22 
45 

100 
100 
201 

Tar aad Gravel 460 
4& 
450 



P ,  &> 4 

TABU3 6.4 (continued) *-i 

"2 

(b) Readkg questioned. Diacrepancg may be due t o  geometry, btrument 
failure, locallzed "hotff apot, or related factora. 

Vacuuming Cleaning ~ e s u l t s  (a) 

Results for Vacuum Cleaning Followed by Sellers Cleaning 

Surf ace 
Decontaminated 

Roof* Paper 

Drain Pipe 250 83 33 

(a) h o  apmat ions .  

~ c t i v &  before 
Pewnkadmtion 

(mtt 4 

34 
u 
39 

1 

Surf ace 
Decontaminated 

1 

~ c t i v i t y  af ter  
Decontamination 

(m P 6 )  

Activity before 
Deeont amhat ion 

(m PC) 

C o n t ~ t k m  
ReminSng 
(per cent 1 

3 
4 
3 
3 
2 
2 
3 
11 
U 
7 
7 
7 
9 
6 
9 

15 
a 
10 
13 

Activity after 
Decontadnathn 

(m PC) 

Paint, 
Raw 5H 

18 
21, 
20 

Con-tim 

(per cent1 

53 
59 
51 

1,4543 
1,250 
2,150 
2,150 
1,150 
3,250 
2,650 
2, 550 
2,550 
2, S50 
1,150 
1,950 

950 
1,150 

950 
550 
4m 
650 
500 

@ 
ba 
64 
64 
32 
32 
80 
m 
2% 
177 
80 
u9 
80 
64 
$Q 
80 
80 
blc 
64 



TAB= 6.5 (Continued) 

Results f o r  Vacuum Cleaning Followed by Sellers Cleaning 

TABIB 6.6 

Results for Vacuum Cleaning FoUmed by Fire Hosing 

'7 

Activity before Activity after Contamination 
Surf ace Decontamination Decontmhation Renaining 

Decontaminated Cm p C )  (m P C )  (per cent ) 

Shingles, 
Asbestos 

4,450 
1,750 

450 
500 
550 
600 
350 
350 
550 
550 
650 
400 
450 

Contamination 
R a i n i n g  
(per cent) 

ll 
59 
10 

(m/hl Cmi'hr 1 

Activity after 
Decontamination 

(m PC) 

491 
382 
450 

L 

Surf ace 
Decontnminnted 

P a h t  , 
Navy 5H 

435 
97 
97 
80 
80 
97 
$0 
80 
97 

329 
161 
129 
U3 

Activity before 
Dacontmhation 

( ~ C L  C) 

4,300 
650 (a) 

&a700 

10 
6 

21 
16 
15 
Lb 
23 
23 
18 
23 
25 
32 
25 

U 
5 
10 

55 
23 
47 

T a r  and Gravel 4b 
460 
450 

Drain Pipe 

R o o f k g  Paper 

250 

34 
W 
39 

55 

ll 
10 

5 

22 

32 
24 
13 



for Vacuum Cleaning Followed by F f r ~  

Activity before 
Decontamination 

Cm PC) 

9,500 
5oQ (4 

3,500 

Activity dter  
DecontaminatLon 

(m w3 

831 
354 
491 

*face 
Decontaminated 

Paint, 

Paint, 
Zinc Chromate L- 

Strippable 
Coat 

( 1  h e  maemrmmt of the several between 'beforel end . a f t e n  ~s 
questioned (aes Sec. 6.5). 

6.4.2 Relative Effectiveness of Protective Coatin~s 

The data on the relative effectiveness of protecthe coat- 
ings are given Sn Table 6.7 in terms of ranges of percentage contamhatian 
m n a h h g  after decontamination. 

Residual Contamination on Surface Coathgs 
I" 1 1 

Surface Caating 

after :la) 
Fire 

Hosing 
(per cent) 

45-73 
42-68 
29-36 
8-61 

40-53 

Painted, Navy 5H 
Painted, Army OD 
Unpainted, ,Clean 
Weathered, Old Pafnt, ~ t t s t  
Tar and Gravel 
ShingIe . Asbestos 
Suippable Caat 

- -  

(a) 
VC + FW: Vamimhg followed by f f s e  hoering. 
PC + SC: Vacuuming followed by Sellers cleaning. 



6.4.3 Time snd Idan Power Reauj-reanents 

The data obtained on t h e  and man power for the decontam 
ination methods tested are tabulated in Table 6,8. 

(a' Conducted in tro clesning passes w i t h  drying period between. 

(b) In addition, scrubbed vigornusly with rindor brushes. 

Man Power Requirments 

using four men operating with vacuum cleaner having two outlets 
(two men per noszle or outlet). 

Vacuumed with 15-in. rectangular brush and fin. circular brush. 
Fire hosing conducted in 2 passes; drybg period between. 

Obtainable 
lper cent) 

S u r i a c e D e i G  

-. . ,, 
f! 
5, i 
* t  
,; 4 . XI 

- * 
6: 
i't 
L ,  

9 
c.l 

;;I 
1.1 81 
[ j  
i.! 
$1 $1 Surf ace 

VACUUM 

Uen Required 
per Team 

3ese 
Surf ace 

hit Time 
(hr) 

150 
350 
350 
350 
350 

1 
1 
1 
1 
1 

Tar and Gravel 
Aabestoa Shhgles 
Roofing Paper 
Naw 5H 
Acrylic 

Covered 
( sqft )  

70 
40 
40 
80 
80 
0 

Plywood - - 
Plpmd 

2 
2 
2 
2 
2 

6 , m  
6,000 
6,000 

Galvanized 
Navy 5H 
ArmyOD 

60ta) 
40(&) 
4da) 

4 
4 
4 

St eel 
Cor. Stee l  
car. Steel 

- SEuERs 
Tar and Gravel Cor. Steel 1 3 1 '900 g0Isl 
Navy 5R tor. Steel 1 3 1 1,400 70 (a{ 

1 
1 
1 

Haw 5~ 
Army QD 
Army 
Navy 5K 

~ r o p  siding 
COF. Steel 
~ G P  
COF. Steel 

~ ( a  

,(a) 
tb) 

VACUUM AND F m  HQSE~'~ 

1, ~ O O  
1,4m 
1,400 
1,000 

3 
3 
3 
3 

1 
1 
1 

1 

400 4 1 I 
- 
Navy 5H Cor. Steel 
~~ Car, S t e e l  g K! 4 1 

VACUUM AND S I U R S r c l  
400 

200 
450 
450 
450 
450 

Tar and Gravel 
Asbestos Shingles 
N a v  5EF. 
Acrylic 
Roofing Paper 

$0 
80 
90 
W 
70 

4 
1, 
4 
4 
4 

Plywood - 
Plywcad 
Plyseod - 

1 
L 
1 
1 
1 



6.4.4 Additional Informtion 

Data on air sampling are shown h Table 6.9. Data on 
sampling of liquid waste are tabulated in Table 6.10. 

A l l  activities l i s t e d  iua for beta-gamna meawraments. In all cases, 
the amount of alpha mtarial detected rras leas  t h a n  Z d/m for each 
ample collected, 

1st Sellers Run 

2nd Sellexs Run 
Fire Hosing 

For description of air sampling apparatus, refer t o  Chapter ll. 

7 Dec. 
IU + 8) 

hmpl~b)  

Upwind 

tlamwfnd 

- ----- 
S- 1, 0.47 4.4 18 79 690 26 3.0 

2 0.30 2.5 11 29 470 18 1.6 
3 0.93 3.0 13 37 55b 21 1.8 

150 . 5. '7 7.6 

Mass of 
solid 

1.6 

6.5 

~nt-ty 
of &lid 

W d u e  Reddue 

& 

5 

5 

Couecnaation 
of Solid 
Residue 

(p/pl) 

118 

51 
49 

Infensfty 
of SaZLd 
Residue 

( p e/gal) 

30 

30 
15 

Inteasf~y 
of liquid 
. R m f f  

c/cc) 

0.63 

Intensity 
of Liquid 

5 

Inremiry 
h o  ff 

( p e/gd) 

Ratio 
(mud/Uqnic~) 



TABU 6.U (continued) 
CI  

l iquid Sampling ~ a t a ( & )  . .9  -. 
I ,  

.-1 
I r. 

(a)Appmdmate mff rate for Sellem cleaning: 6 gal,/&, 
Approldmate runoff rate for f i r e  hose cleaning: LM gar/min. 

(b' s = Sellers cleaning. P = Fire  hosing. 

Ic) These figures d t t e d  in computing average of intmsitg ratios. 

Intensity 
af Liquid 

Runoff 

(pe/gal) 
1.7 

1.8 
1.1 

6.5.1.1 Flre  H o s b  and SeUers Cleaninq 

Intensity 
Ratio 

(~alid/ l iwid) 

17 
11 
32 

Lntensity 
of Solid 
Residue 

(pc/gl) 
29 
21 
31 

Concentradon 
of Solid 
Residue 

(gm/gal) 
6.1 

6.1 
8. 0 

A comparison of Table 6.2 with Table 6.3 reveals 
that  for similar surfaces such as w t e d  cormgatsd steel, fire hosing 
was less effective than Sellers (hot lfquid) cleanhg. For example, on 
A r r ~ g  OD surface, after two fire hosing applications, c o n t h a t i o n  ra- 
mining mas 42 to 68 per cent, whereas Sellers cleaning applied twice 
left only 16 to 40 r cent, if t he  single reading of n per cent b des- 
regarded  able 6.3r 

Intensiry 
of Liquid 
f7moff 

(10-~pc/cc)  

44 

48 
30 

Intensity 
of &lid 
Residue 

(pc/grn) 
4.7 
3.4 
4.6 

Mass of 
Solid 

Residue 
- 
+ ~ -  -.. 
m1 

.=a 

$1  
t.: 

3 
,: $ 
- 1  
hl 
I: I 
i' 
$; 
C i  

t ! -., 
l i  
* I  5;  

21 
48 

280 
1 . 7 0 0 ( ~ )  

61 
82 
11 

2.0 
4-5 
1. 7 
1.6 
1.0 
0.69 
1.9 

I1 
15 

75 
17 
40 

22 
4.5 
0.76 

1.5 
1.5 
0.76 
1.1. 
0.38 
0.16 

r 

S- 11 
12 
13 

2.0 
3.3 

3.1 
22 
1: 7 
3.7 
2.4 
2.7 
3.0 
1.1 
2.1 
0.86 
1.8 
2.4 

~ r n ~ ~ e ( w / ~ ~ ~ c c )  

0.16 
0.16 
0.21 

14 
15 

F- 1 
2 
3 
4 
5 
6 

f-24 
25 
26 
27 
28 
29 

0.29 
0.30 

2.0 

2.1 
1.1 
0,59 
0. 12 
0.02 

0.04 
0.04 
0.02 
0.03 
0.01 
0. 02 

" I ;:: 33 
27 1 - 48 

Average - 59 
95 

l,50dc) 
120 

320 
37 
12 
24 
15 
13 
8.3 
8.9 

- 22 

71 
30 
15 

6.8 
7.6 
4.5 
5.1 
3. Q 
3.3  
P. 1 
1. 0 
2.2 

Average - 61 

2.9 
1. 
0.56 

0.26 
0.29 

0.17 

0.19 
0.11 

0.12 
0.12 
0.077 
0.084 



However, this comparfson should be qualified by 
t h e  fact that f i e l d  conditions favored Sellers over fire, hosing. One of 
these f i e l d  conditions was freezing weather, which, while hampering the 
effectiveness of both methods, hampered fire hosing more. During f5re 
hoshg operations, the average temperature of the water was about 32 deg F. 
(For Sellers: cleaning, the average temperature was about 150 deg F.) In 
the fire hoslng, on completion of a cleaning run, t he  remafnhg water on 
the shady side of Building I froze in a thin h p r ,  preventing proper 
drain e. Thw, fire hosing may w e l l  be imprwed by the use af warmer 
rater? Another possible improvement is the use of net mechanical s c r u b  
bing with brushes t o  precede warn-water ffre hoshg. h the f i e ld ,  no 
cleaning h p ~ w e m e n t  by the use of scrubbing was noted, 

Temperature conditions s h i l a r  t o  those for fire 
hosing were experienced during Sellers cleaning, but the over-all decon- 
tarhation by this method m a s  improved by mechanical scrubbing with brvshes 
and by the much w a r m e r  water supplied from the  Sellers apparatus. 

Laboratory tes ts  support prewetting periods between 
LS@d cleaning passea to improve over-ell cleaning effectiveness, Never- 
theless, while operating under f reezhg  weather conditfms, prewetthg 
periods tended t o  depreciate the cleanbg abi l i ty  of the Sellers method. 
mch Sellers cleaning pass had t o  melt a t h h  sheet of ice and rewarm the 
surface, Under these cfrcmtances, it would appear beat t o  thoroughl~ 
clean a building by a progressive advance over surfaces fn one set  of 
cleanhg passes without consf deration of a prewet t h g  period. 

6.5.1.2 Vacuum Cleaning and Sellers CTe-g 

A comparison of Table 6.3 w i t h  Table 6.4 Indi- 
cates that for similar surfaces such as Navy 5H pah t  (over corrugated 
steel) ,  vacuum cleanfng w a s  less effective than Sellers cleaning. 

Nevertheless, one case arose where the decontaw 
ination effectiveness of the methods was less important than other deanand$ 
of the decontamination tmk, This case was the cleaning of half of 
Buildbig 3, the tar-and-gravel roof of which had a confining parapet 
makSng drainage a problem, Thus, w M e  Sellers cleaning could decontm 
h a t e  tar and gravel t o  a raininmm of 5 per cent remaining activity, as 
cawred with a dnlmwn of 22 per cent f o r  vacuum cleanhg, the latter 
was more suitable on the roof surf ace. 

' Iater tests a t  USNRDL have s h i h t e d  f i e l d  fire hosing cmditions on 
field-contaminated plate samples, Theae tes ts  indicated no sign%ficant 
hprovement in cleaning ~ 5 t h  water at a temperature or a t  least 55 deg F. 



But where drainage waa not a problem, Sellers 
cleanbe was particularly effective. SeUers cleaning is also especially 
effective in removing contaminant l e f t  af te r  vacuum cleaning, 

Most of t he  fall-out from the Underground Burst 
collected on horizontal surfaces, and very l i t t l e  on sheer vertical sur- 
faces. Therefore, the amount of contaminant removed from a vertical sur- 
face by vacuum cleaning compared to the extensive effort involved suggests 
that other, more feasible decontamination methods should be used on verti- 
c a l  surfaces. 

Extrmely rough surfaces (tar and gravel or roof- 
ing felt) had very high initial levels.  As the  surfaces became less 
porous and rough and approached the smooth and impervious, the  high hi- 

l eve ls  decreased. 

Of the major roofing materials used, t he  tar-and- 
gravel surface apparently collected and held hrge quantities of contam- 
inant, And agaln, s l t h w g h  hi& percentage decontamkation can be ob- 
tahed, h5gh levels of activity remain as a reminder of the extreme por- 
osity of tapand-gravel surfaces, Much of the  contaminant appears to be 
trapped with the g~avel itself. Extensive removal of the gravel consid- 
erably decreases the percentage activity remaining. 

Despite openings 3n a l l  buildings, l i t t l e  contam- 
ination was observed on the h t e r i o r  wall surfaces. 

6.5.1.3 Catbination Methods 

Vacuum cleaning, followed by SeUers cleaning, 
gave the best total decontamination, as indicated by results shorn in 
Table 6,5, On Efiafidinp, 3, theae two cleaning methods exerted comple- 
mentary influences; vacuuming, although very slow, functioned w e l l  on 
the tar-and-gravel roof, while the Sellers cleaning functioned w e l l  on 
the wal ls ,  

As a cmbined operation, vacuuming before fire 
hosing did not give canclusive results  a able 6 . 6 ) .  Moreover, some d i e  
crepancies in measurements were noted. 

6.5.2 Comparjson of Surface Coatinffs 

There is no definite  evidence that any particular 
spray coating, whether applied op8r metal or wood, possesses exceptional 
properties of decontaminabfiity, Table 6.7 supports this opinion. The 
dUferences which occur in the percentage values of the table can be 



keurity Information 

m a w  waind by the following factors: 

1. "Phe redistribution of contaminant after appri, 
cation of a cleaning method; i.%., hrgher radiation survey readlags after 
f i m t  Uquid cleaning appucation than before cleanhg. (see footnotes 
of Tables 6.2, 6.3, 6.4, and 6.6.)  

2, Surface configurations which -ze the 
effective application of a cleaning method; f .em, a corrugated surface 
ten& ta minimize the impact cleaning effects of Ucrnfd cleaning metho& 
by deflecting the stream. 

Although ehrLppab1e coating is not a protective 
coating l m  the same eense as p h t ,  Table 6.7 show9 that the strippable 
coat5.11~3 was approsdmatelp equal in decontaminab3Utp to the asbestos 
sfding, During the .fmeeing weather encountered Ln the test, the atrip-  
pable coat* ccruld not be m o v e d  f b m  the surface ovar which it w a s  
applied. (blthough hconvenlent, application of an outside souree of 
heat w i l l  al low strfppiag.) 

Tha term "unpainted surfacesn used fn Table 6-7 
aigniffes that no protective coating was appllied apecificallg- for this 
decontamination test. Actually, the fQn@nted surfaces@ were either 
samewhat deteriorated (rusty) g a l d z s d  ateel or coated with an uniden- 
t i f i e d  paint. With the exception of rusty surfaces, the deeonbmbabPlity 
of nurrpdnted surfacesm mas about equal to that of the spray coatings 
used. 

A detdled study of the relative decontminabiUty 
of pmtectioa coatings applled t o  the three M d i n g a  is not dthh the 
scope of this report, A more complete series of clarification tes ts  
perfomd under better controlled field conditions is essential, h e  to 
time Umftations, the effect of meatherhg on the surfaces could not be 
investigated, Mo evaluation could be made of  the effect of roughness 
and increased porosity produced by wfnd-blxrwn sand deposited on both 
prim and FLnisA spray coatings. 

fn general., horizontal surfaces collected and held 
more cant-t than sheer vertical surfaces. Surfaces oriented between 
these tm extreme8 were contaminated mom MI the surfaces approached the 
horizontal. 

Complete m w r l  o f  atdppable coating r-8 a l l  act5wity on the sar- 
face pmtacted. 



Surf ace configurations which allowed collection 
of contamination were: bolts and nuts; foundation channels; joints h 
Buildings 1 and 2; and maealed joints in Building 3,  

6.5.2.3 Trends & Decontamination Studies 

A study of the results shorn in Tables 6.3 t o  6.6 
reveals a wide range of initial conkamhation on the three bufldings . An 
squally wide spread o f  computed values; is evident when the f i n a l  levels 
after decontambation are expressed in percentage of contaminant remak.1- 
ing. Therefore, averaging these percentage figures for each surface has 
no real significance. 

Invariably, law percentage remaining values are 
supported by high SnitM contamination; a progressive increase in p e r  
centage remaining is registered with correapondinglg- lower initial levels 
of c o n t h a t i o n ,  b m  observations of a single cleaning paere for each 
individual d e c o n ~ a t i o n  method, there ia sme evidence that percentage 
rmahing  b sa approximate inverse function of t h e  initial level. This 
function can be expressed as: 

Percentage ~nmniLning = Constant x l m  
hitbl h l  

Such a relationship between hitial level  and percentage remainhg r i l l  
show that It f a  incressinp1y difficult to remove contaminant depo~i ted  
at succeesimly lower MtW levels* F h U y ,  en initial level is 
reached arhere a eingle pass w i l l  remove none of the c o n t ~ t  (100 per 
cent rimddng}, so that the initial level become8 the constant in the 
a b m  squation. While t h i s  functional link is gmerally suggested by 
the data obtained, a series of future investigations must be formulated 
to es tab lhh  conclusively this suspected mathematical dependency, 

6.5.3 Dbcussionof Supplmentary Data 

FLeld operations connected with these tests were 
prfamed under someahat ideal ized conaitions, A series of circwnstances 
made it necessary to move the bufldings to a relatively uncontamhated 
area, Neverthel~ss, the resulta obtained indicate that a p p r o h t e  man 
power requiremsnta can be estimated f o r  one story structures of similar 
configuration and s h e  t o  those tested. To extrapolate the results to 
larger stmctures would introduce serious errors. 

Basing a given cleaning process on the number of 
man-hours required t o  clean x sq ft of surface regardas of building e h e  
would lead t o  the belief that man p e r  requirements could be estfinated 
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by direct moportbning. k g e r  structures of s m a l  stories height 
mould require more time to decontmhate, since m i a g  equipent, setting 
up acaffoldhg or positilonlng dwices, etc,, wbuld lengthen the total 
cleanfng proceas, Thus, t o  conclude that a given cleaning process m i & t  
be done in one-half or one-quarter the time by daubhg or qwdmpUng 
man power ia an emor. Overuse of man power may actually cause inter- 
ference of one group with another. 

Comequently, eathates have been made on a team 
bash for the equipment and structures used. In Table 6.8, for each 
method, approximate maa power requirements are l i s ted  for a team of x mern 
t o  decontdnate a given surface configwration t o  x per cent of fta 
initial level in one hour Tor x sq ft. 

The use of eda t ing  equipmt in connection with 
these t e s t s  indicates that sufficient man power was available to conduct 
a U  essential maneuvers. Undoubtedly, however, sme redesign or more 
carefur eelectfon of components Integrated into a compact unit would make 
for better application of man power. 

The afr  samp- data taken d w b g  ba i ldbg  d+ 
contamhation testa are not extensive due t o  the urx3.q~~ condftions undar 
mUch sampliqg was undertaken; i.e,, the contmhmted U d l n g s  were 
removed from their  original locatbn to a relatively uncontaminated area. 
No evaluation of the hazard produced by operatiom in a contamhatad 
ares could be made, but it is probable that S airborne contaminant 
measursmenta had been taken mder realdstie conditioner, a marked increase 
in activfty levels mould have beerr sham. 

On the basis a f  Table 6.9 and of a c t  o b s m -  
t lon  of f i e l d  conditions, it ia advkable to protect the de~onhmhation 
teams w i t h :  full-face m a a b  eqipped w i t h  the ChmicsL Corps M - l l  t y p  
canister; suitable clothing; and PacUities f o r  p e r a o d  decontdmation, 

Table 6.111 shoma that for the l i q u i d  matha-, the 
contaminant ge, sol%d mrsterw ia dbperssd fair* m e w  throughout the 
8dkd residue (sand, etc .) . me table a l e 0  ahma t b t  about 98 per cent 
(average) of the conterninant in part of the so l id  residue and that 2 per 
cent remalas in eolution with the l$quid w a s t e ,  

Figure 6.5: ahows the waete disposal spstm ased 
in the t e s t s .  From the data of Table 6.10 and field obsemtio118, it 
appears sufficient t o  dfg a sump at any location convenient for opera- 
tions and to f3.U in the p i t  after the operation, 
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6.5.4 Field Notes and Observations 

Fie ld  application of a decontamination method, or methods, 
must be based on an astute appraisal of existing conditions which are 
established by the  operational variables found in Table 6 .U .  

Variables Affecting D e ~ o n t ~ a t i o n  
r i 

Kater temperature, 
nozzle 

Eater pressure, nozzle 

Air temperature 

Vacuum Cleaning Fire Hosing 

Pressure of water l i r  flow rate 
leaving lance 

Sellers Cleaning 

Temperature of water 
leaving lance 

I 

Type nozzle 

Type of nozzle attached 
to lance 

Type and condition of 
surf ace 

Wind direction 

S ta t i c  suction pressure Angle of hose stream 
~ 5 t h  respect to 
surface 

Air temperature 

Whd di rec t ion  

Type of cant wrnan t  
adhering to surface 

Average rate quanti ty 
(volume per unit time) 
ofwatersuppUedper  , un i t  area of surface 

Type of fire nozzle 

Type and condition of 
surface 

Average rate quantity 
(volume per unit time) 
ofwater applied per 
u n i t  area ef surface 

Configuration and orien- 
ta t ion  of surface 

Wunningn suction 
pressure 

Angle of stream with 
respect to surface 

Type and condition of 
surf ace 

Configuration and orien- 
tation of surface 

Distance of nozzle f r o m  
surface 

Humidity and precipita- 
t i on  (meteorologLca1 
conditions ) 

Type and concentration 
of detergent added t o  
hot water stream 
leaving lance 

i Type of contaminant adhering to surface 

Fresh- or salt-water 
appfic at ion 

Distance of nozzle from 
surface 

Fresh- or salt-water 
application 

Type of contaminant 
adherhg to surface 
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Same of the variables (for example, meteorological oondi- ii 
t iona)  cannot be controlled but others can be controUsd or stabilized 
(somewhat arbitrarily) in the field. Conditions emplicatfng the cm- $1 
trol of the dependent variables were: ij 

7 '  
"I 

1. A l imited water supply and transportation difficulticm A1 rl 

(3-hr round trip frm mrldng m a )  confined the fire hosing testa t o  f I 
9 

two washings of ma building, The s h & e  taak t r d e r  avaUble  held 4: 
approximate4 3,000 gal  of water, allowing 1,500 g s l  per mashing. In f i g  
order to a U m  a reasonable mount of time for manewering hoes and nozzle ;! 

k i  
h t o  psition and to set  the =faces, the P-500 pump m u i  regulated t o  fl 
operate at about 60 psi for a delivery of gal  per m h ,  ! I  

.F I  

$1 
2. The steam generator avalbble could not supply suf- q 

ficimt atem t o  operats the SaUers injector &t rated capacfty. ThusJ * I  , 
3mer water teanperatures mere accepted at the lance to allow proper st- - - P ! 

water ratiorr through the fnjsctor. - - 

Uuring the 1-hr h t e d  afrtsr Surface Shot t h s  an 
19 Novambeir 1951, prevailhg wbds deposited contadmmt having a radia- 
tion level. of approximatsly 6 r/k. Tfib unforeseen circumgtance necea- 81 

1; 

aitated rwisfan of "cold runt"d train- p h a ,  These revhiom and 
explanatory reasons are liated as folloars: !I * 6 

el 

5i 
1. Limited the worklng and training t h e  .in the con- 

h a t e d  arm around the buildings, a d e c h i m  primarily enfarced to con- 
serve ma&~um personnel exposurer h t e d  to all work after Undermund 
Shot. An evaluation of team trekinhg therefore was not undertaken. 

2. Motiv~~ted abandonment of f i e l d  testing a nonradioactive 
simatnnt (fluorescent parrder) t o  d e t e h e  the feasibility of its m e  gs 
a r e h b l e  substitute for dry-disperosd radjtoaotiafty. The gmfommce 
of the sirmtlant waa t o  be based an work undertaken on noncantadsited 
building surf aces. No reasonablg accurate pradictlon could be matie aa 
t o  a camparable performance over a rPiSw eontdnated surface, heace, 
the decisibn t o  dincard t h i s  objective from the t es ts .  

On 29 N m e r  1951, the contahant d i sprsrd  by aifecta 
of the Underground Shot resulted Jn a radiation level of appraxfinately 
200 r/hr a t  I hr after ahot tlme; DecmtaPlinatim of b a a s  waa  to 
be ccmducted in a radiation f i e ld  not t o  exceed 1W ms/hr, so that en 
f a t e d  of mait- before entering the area mas anticipated t o  allow 
n o w  radioactive decay t o  reduce the radiation field t o  the pmsdmctad 
nrorldng value. Thfs late& of delay interpsd the, h a r d  of weather 
chmges which would h i l u m c e  the success of the selected methoda of 
decontamination, 

An exbarmiwe rrbd gad rafnstorm occurred during the night 
of 4-5 hctmber and about 0 .XE in. of ramall rrmhed considerable 



cantaminant from the buildings, After having dried, the remaining contam- 
fnant could not be considered a counterpart of the original drpdiapersed 
~ad ioac t id ty  insofar m relative ease of removal from survaces mas con- 
cerned. 

During the period 5 through 8 Decsmber f r o m  6 through 9 days 
after Underground Shot, w k e  a b  tmperatures accompanied by b r b k  
winds did not exceed 34 deg F, thereby pPacing conatraining influences 
upon the activities of personnel and operation of equipment. 

Ae a dZslect result of mind, a continuaus re-scattering of 
contamhated dust waa apparent. An unhawn amount of thts radioactive 
dwt, therefore, mas sporadically distributed to or f r o m  the building 
arsa, cawing soms doubt as to the expected radiation levels and antici- 
pated entrance tlm into the area t o  perform decoritamhation operations. 
Furthermore, cantinwl, recontamination could reduce the accuracy of f i e l d  
decanbdnatfon data for each cleanrslg method. As a consequence of these 
adverrae cSrclrmataneea, the buildings were moved t o  a new location on the 
northmeet miaaile strip. 

Frm the building decontamination testa, the Pollowing 
conelubn3 are dram regarding the m8thoda: 

1. Vacuum cleaning followed by Sellers cleaning w a i  the 
most eff active &contamination method (85 per cent over-all d e c o n t d -  
t b  when appUed t o  painted wood and tar-and-gravel surfaces> . 

2. Wet, mechanical scmbbing was applicable in Improving 
Sellers cleaning (4 per c a t  improvement per s w e  cleaning  ass). 
Wo similar conclusion w a s  made for f b e  hosing. 

The following conclusions pertah to kypepr of surfaces: 

I 1Po s-icant d.jlfezlmcea b coataminabillty or d e  
cmtdnab3lity could be obaemed between various protective coatings. 

2. In general, composition roofing, roof papep (or felt), 
and anbe~toa e i d h g  had similar decmtaminabillty properttea when sub- 
jected t o  the  combhtbn method of vacuum + Sellers clean-. 
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1. lo s i g n U h a n t  health hazards were found which m e r e  
attributable t o  decontamination operat h n s  . 

2, The p b l m  of liqu5d maate dispoaal w a s  solved by 
channeling waste liquids t o  a sump dug in the grwnd. 

3. BeaUstZc  man p o w e r  requiremente could not be -8- 
polated from these teerb, 

The foUming recmuandatione are offered: H 
- 1  

$1 
1. Contfnus the investigation of building d e e a n t ~ t i o n  and iarc * (  

ther evaluate the sffeetiwitness of the methob atpfopd. 

2, Continue rsaeareh on inatrummtatlon t o  p r d d e  reliability in 
high in&ensity gamma radiation f %Ms. 

3. DePelop a vacuum cleanar havhg a greater capacity for Intaka 
dx when operating againat higher ~acuams. 

4. D e s  and d m l o p  protective clothing for w e  bg decontamba- 
tion personnel, with such factors ~ E I  cold w e a t h e r  condort t o  be cmsidemd. 

5.  Conduct acbance traSnhg of persmnel for greater eff icisllcy 
during the actual  operatiom. 

6. In a h c e  of any future tents, enable principal irweetigators 
t o  make adequate a p b a l s  of the test s i t e  and attendant field eondfthm. 

7. h w M e  accessible and ample field storage facil itba, both mt- 
door and indoor, tmprary and penwinen%. k a n g e  for an adequate water 
aupply near the f i e l d  Wt locatbns, 

8,  Consider procuring equipeut that is a single, aelf-cmtsined 
mobile anit des-ed for a erpcific decontadnation operatian. h e h  a 
unit mould, eimplify trawprtation problwm, and reboa t h e ,  has-&, 
and effort. 

9. Bedesign the WU. Chsppieal Corps reapbitor t o  indude either 
a mechanical OF electonfc c d c a t b n  davkcs. 



M a  chapter describes an investigation t o  determine the contamination- 
decontdnation characteristies of typical construction materials that had 
been w s e d  t o  the effects of d a c e  snd ~ndergmund a t d c  bomb detone- 
tiam, Folloming c o n t ~ t f o n ,  the materials mere subjected to wum 
clmnfng a ~ d  high pressurn hoeing, a d  the decontamination zcasults mm 
evaluated. 

The teat r e d t a  described here, together with the Flndlngs of 
plammd fit- inveatigatioos and related teats, lRiu be used to eatabllsh 
proteeti- criteria and etmdard operating pmcechma for the decontamina- 
tion of &* i n a t d h t i o n a .  

7.2 m T I P E S  

The f i e ld  tes t  m a  undertaken: 

1, To deterrmkne the eontmdnabillty of coated 8nd uncoated mfacea 
of conatmctTon materiala wad by the U.5,  Amy Corps of hgheers, and 
thereby to establish and canpare the mmita of the various pmtsctim 
coatings aprployed, 

2. To hvestigata protectlm measures other than caatbga which 
d g h t  mduca eon-tien andor facilitate decontamination, 

3. To acquire practical knowledge on the distributian pttern of 
mdl.oaet1- eontmhmta, fncPudiag the affect of the slope of a surface 
OI1 ft8 c~ntadA&mty. 

4.. To determine the relative effectivmeas and operation& feasi- 
b 3 U . t ~  of wPioua decontamination methods, 

'Pha test- apparatus, in essence, consisted of f o r t y - f l ~  
4- x 6-ft *d p e l s ,  amanged as ahom in Fig, 7.1 and located 7,060 ft 



f m ~  ground sem, d h  U O  east of Undergmtmd Shot. M c t l o n  m a  em- 
wed prior to the Surfwe Shot, 

Panah exhibiting matmrialf  Uyaaed for mil con- 
struttion mre mounted m r t i c w  and m] on a mbatmtfallp built 
contfrmm frame w a W 4  ( ~ i g .  7.2), la &bit% mateAda 
uaed for mof c supportad on ndent i lat- 
erally ~ 5 t h  the  el assambly r ntad ox r aenthg 
thair  n o w  pf ple, bna1.t-u~ W F t  ;ed on 
3/4-kz. pitch, - u w r a u r ~ a c ~ d  roll roof& on 3-511, pL-cca BUU aapnalt 
strip shfngles on &in. pitch. 

Frames 
1 a l s p  
31s mr 
-11-1- - 

Yountsd on 42 of the panels mm the e p c h m e  of eonatrue- 
tion matems l h t e d  Pn Table 7.1, eonatitnthg a rsprssentakive s@e 
of the tgpes of matarid ewmtemd in fnstallationa. 

Mount& an each of the mmhlng t b  pannls -re a asrias 
of I +geoo la t~  effectsw atrb-pmala, each of which d h p h p d  a separate .is8 
and ahups, o~ orfentation (Fig r 7+3 1. 
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panel 

hL 
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hher  

16a 
llsbestos Cmmt Sheets 36b 

16E 

i10o.l 
k n a  
Hone 

Rb.1 
Mom 
None 

Hone 
Hone 

Hone 

Asbedos C m  Sheeta 

Aerbsstos Came& Shimglas 

mck, fnrr-demlty 

- .  
Phenolic Wlnmel 
PoI4dgr1 Alcohol, UP 
Resin* W e i o n ,  M. 

- - I  

ResSn, Eatuml (KC) 
Sueone Eesfn 
fifi~@1@, w* 
Dntmated 
Po-I Illaohol, P 
I n b t r i d  FUm, SJn. 

Untmated 
P o w 1  Alcohol, P 
IaQustrial FUm, Sgn. --- 

~rotectim 
kt- 
&ate 

17a 
17b 
E7c 

3a 
3b 
3c 

b 
4b 
4c 

RakeUte Brim 
CaPwuPlagQ Peiat 
Celldose betats 

I- 

Lacquer, Clear 
Reaim, Iktwd ( S C )  
silicone Bsah  

Ilotraatud 
PolJ?lI@ dlc&ol, P 
X n h t r i a l  m m *  m. 
EakelAte b s l n  - pa- 
Callrilom &&ate 

Lacqner, clear 
Sletatcl, IkItrmd (ACC) 
Sillcow Eesfn 

Uatmatmi 
Po-l Alcohol, P 
fnduatfi m. 

~oating.(.) 

Fin i sh  

Brfck, bu-dmity 

Mek, Xnrr-dmsit7 

Briek, Egh-dsmlty 

Rdck, rUgh4tmity 

m k ,  IaglAemitt 

h m t a  mock 

1% 
19b 
19 

5a 
D 
% 

2Qa 
20b 
20e 

2la 
2Lb 
2le: 

6a 
6b 
6c 

b n e  
Ho.1 
Hone 

I0038 

h a  
kna 
mie 

1- 
No.& 
Hone 

CJowr 
bm 
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h a u  Matarlala 

Commte Block 

Coneretr, Rough Fom 

Concrete, llwgh Pam 

Cancmte, Rm@ Fom 

Concmta, aaofh Fom 

Concmta, m b  Fom 

Concfsts, &oth Fom 

.- 

Panel 

No. 
22a 
22b 
22c 

?a 
7b 
7c 

234 
23b 
23c 

24b 

&a 
8b 
Be 

25a 
2% 
25c 

26a 
268 
26c 

Primer 
#one 
Hone 
Hone 

Hone 
Hone 

1 o b ~  
Hone 
Hone 

h a  
Wo.1. 
Hone 

b n a  
Hone 

b n s  
Hone 
Mone 

bm 
Ho.1 
Hone 

F a t  and Batten Sfdhg 

Falt  arnd &itten S i d b g  

B . 5  
Hone 

bne 
Hone 
M e  

N0.5 
Flons 

9a 
gb 
9~ 

27a 
2W 
2% 

Untreated 
Po-1 Alcohol, P 
Snhtrial FUm, Byn. 

BakeUte Bnskn 
Resin lh lsfon,  kt. 
E l e m i n ,  BatwsS. (ACC) 

----. 
U n t r e a t e d  
Phem4le h e 1  
BabeUte Bsin 

b t e c t i v e  
M a r -  
mediate 

coatings (a) 

F U d  
Lacquar, Clem 
Resin hmlaion, M. 
Strippsbla Pigi l .  

Untreated 
P o w 1  Alcohol, P 
Industrial Film, Sya. 

caplauplage pitint 
Cellulose Acetate 
Lacquer, Clem 

P o w 1  Alcohol, UP 
b s h ,  FIatwal (KC> 
strfppable Pw. 

Untmted 
P o w 1  Alcohol, P 
Indu&tfial FUm, Sga. 

G w g s  Paint 
Cellulose Acetate 
Lacquer, Cfaer 

Po-1 Alcohol, UP 
Besin, Hatural (XC] 
Strlppahlu, P i p .  

H s t d ,  UP. Camqated 
lOa 
lob 
10e 



M s t r h t i o n  of' F m t e c t l t a  Coathga 
k I 1 I I t 

33a 
SiAing, WJOd 13b vc 

31a 
Sldimg, wood 3 B  

31c 

Untreated 
Po-1 Ucohd, P 
Ibbtfial w m ,  !qml 

C d h l o s e  hetats 
bad and QU. Paint 
r n t l p l e  PQp. P.int 

37a h - 2  W U p l a  PQp. aainf 
CU~mtm W f ~ c t a  37b fi-2 hltipl8 wr Paint 

37c b . 2  m t i p r s  M. Saint ---- 
2% b . 6  

Y e f d ,  Galv, Shsgf 29b N o n ~  
m- 
kqusr* Clear 

WC Hone Bein, 5twal (IYX) 



TABLE 7,1 (contimad) 

Matfibmtion of Protec t te  Coatings 

~ s n e l  m t e c t i n  ~oatings(a) 
Inter- 

3am Makeriala Bo. hdmtr mediate PWsh 
L2a Dntmted 

M e t a l ,  Stme1 $ led  12b b . 5  P o w 1  Ucohd, P 
UC Bo.7 f n d ~ t r i d .  Z"iLm, Spn. ---- 
3 h  b * 7  C a m o l m a p  Pafirt 

Metal, Steal Shmt 30b b . 7  CslluEose Acetate 
3 b  b . 7  Multiple P*. Paint 

Etooflng, Wlilt-UP, Asphalt 

Boafing, WIU-, Bsphalt 

Room!! ,  W ~ P ,  T a r  

Booflng, Bdlt-ap, Tar 

Boolting, Asphalt Shi@ea 

38a 
386 
BE 

4% 
43b 
4 3  

398 
39b 
3% 

b 
W 
44c 

4 b  
4Ob 
40E 

b . 5  
bne  

b - 5  

M.5 
me 

Hone 
m e  

Ho. 5 
b n e  

Baofing, Aqhlt -9s 
kne  
None 
Ho*5 

n0.5 
bne  

b . 5  
Fbnm 

45a 
45b 
h5c 

kcper ,  Clear 
b s h s  Natural (ACE) 
Stripp~bla,  P*. 

----. 

Unt matd  
P o w 1  Alcohol, P 
IndwtFfal W m ,  me 
Untreated 
P o w 1  Alcohol, P 
InQlstrial F u n ,  m. 

---- 

Untreated 
Polpiny1 Alcohol, P 
hdustrka3. Film, Syn. 

Cellulose Acetate 
Reah, ktural (ZC] 
Strippable, Pi@. 

Untmated 
P o w 1  Alcohol, P 
Industrial Fua, SJn. 

Cellulose Acetate 
bquer, Clear 
Ph8n0uc 

Untmated 
Pelyafnyl Alcohol, P 
Industrial P i h ,  m. 

Boofing, Tjrpe, 

Boo-, m% 

b 
I+lb 
c 

&a 
lb 
lc 



TABLE 7,l (~ontinued) 

Ihtributicm of Mgctirs Coatings 

('1 ~eaoription of p ~ r ,  intemediate. and find coata u w  at 
CEL, A r q  Charnirrel. Center, Urylutd. 



k h  teat panel man wbdldded into t b  parts, a~parated 
baffle s t d p a  1 in, d d m ,  Qia subpirnel, of aach type of oonatmctfon - 

arter ial ,  - lmft untmatad for conkrol p r p u m s ,  but the reaaaPnder gars 
coatad with protectivs fomuhtlons aa indicated in Table 7,l. The d e t a i l s  
on thu pmtectL# coatizlg fummhti~mt  wed in this t e s t  a m  avaU.able. 

After the emface burst, a apppl.etpantal aeries of 10 mm93_1 
aeds panel. (1, x 3 ft) mm conmtmatad, coatad, and erected prlor ta 
tkts 'Undergwand Shot (Fig. 7.4). Tbsae pan~lr wem positioned wlth a l m s  

k horisentaX, to ~srt5esl ,  in h e m a  of 100. h m h d f  of 
aach panel ma coats13 Ughtly with d i e d  o i i  to facfflhtr capture and 
Mantion of the contamha&* 

To rscartaia ths value of ~ m b l b t ~  ptact irc t  colars 
far W-t, fhmiehfngs, aad it- in the Werior of mch 
dmc.tafs8 an Whim bhq*, ~ d ~ a t i a  ae&era, Md laboratmias, 
sb.Qta of mbbmr hydrochldde fib (-tab 4 m l b  thlck) and 
dsippabl@ -1 coat* bppraxiaatsly U milr Wek)  mrs a w e d  to 
aets~ar l  q a m  &ar to the Udmrgmund Shot. 

'Pfte c ~ e n b m  of the pansla 1*8m decontnrnirruted 5n Z m  s t a p t  



I. The l m r  section of e w h  pane1 waa mmtm elemmd by 
means of a commercial gaaoUne-pommd mum cleaner (Spencer Turbine Co. ). 

2. The natim panel. w a  then hoaud, as- thm Pglgr 
Mmn Jbcontslsinatf on Appmtua. A detergent (1 per cent Tide) lras 
added to the water, 

Original and r s s i d d  cootamhation 1-18 mere detezllainad 
quntitatimdy bp beta me-ents at each step. 

714 TEST RESULTS 

Table 7.2 indicates the actidty levala of the protectiwoatod d 
paneb. 

Protectima Coating on Reof lllcrocurfss 
Materiala per 100 sq em 

Po-1 Alcohol, 
Pieented 0.02 

c m m f h @  Paint 

Beksuts R s h  

fieadardtM1PaZrrt 

Control 



Table 7.3 M e a t e s  the initid act%Pltty 18-1s and the 
m s l a a l  e a n t ~ t f o n  after each d e c ~ n ~ t i o n  p r o c e w  on mfirrg 
mtsriala gtld their associated coatbga, 

A v e r a g e  detivity on Raof Surfaces 

?i@m 7.5 indicatsr the affect of pifch and ofled m a c e  on the 
lml of combadnation and decontamination obsrmd on the P e p a n e l  
a8adV. 

r 

7*6 i r  an autoracliograph which U c a t e a  the effect of 
v a t d c a l  patteme on contadmnt dfetributiotr. 

b f  W a c a  

Contambation (Micmuries per 100 aq m) 

Prior to 
lhcontamh&tion - 

P r o h t s d  

F oUmhg 
7~- 

P h 6 ~ ~ ~ t i c  -91 

CeUuloaa Acmtata 

P-1, P-mt4d 

&maitl, b t d  (ZC) 

lacquer, clear 

* r i p p d k m  mm 
Industrial PUB 

FslJ.ming Ugh 
P m s m  Homing 

4.3 

3.8 

1.6 

k A  

5.5 

10.2 

3.8 

8.3 

10.2 

10.4 

31-5 

12.0 

12.2 

16.2 

0.2 

oa3 
0.2 

0-3 

0.2 

0.3 
0.2 

tJnpr0tactad 

0.3 

0.2 

0*3 

0.4 

0.1 

-w, 
ftODW, b ~ u t  

Asphalt 

-9% #bI 

h f h g ,  11011 

9-9 

lO,6 

15.1 

16.1 

17*$ 

2,6 

3 2  

8.9 

4.5 

4*9 



PANEL ANGLE (DEGREE) 

Pig, 7.5 C o n t ~ ~ ~ o n - d e c o n t ~ t i o n  of Fan Panel dsalsebv 



Fig. 7.6 Photogmph and htaradiograph of -try Wfecta PmeI 



The results of this t e s t  must be accepted d t h  a considerable degree 
of caution insofar as generalf~ad predictioas.rrrs concerned. IZesuZts ob- 
tained mm apecific for the nature and circumstances of the teat, No 
effort is md6 im this report to  evaluate the effects of bomb energ, depth 
of burst, aofl chemistry, particle size, and compaction of the s o u ,  t~pcg- 
mpw, and me.&eorolo#cal conditions on test results, h e  of these param- 
eters certainly had p a t  bearing on t h e  results. M h e r  study is mqalmd 
bsfors extrapolation can be aafelg attempted, 

-. 
7.5.1 -nerd: Surface a&Undermd Shots E i  

:: 1 

kl 
+, . 

A fairly sxteasive fall-out occurred unwcted ly ,  roll- 8 ;  the Surface Shot, in the d c h 3 t y  of the test-panel aite, maw, and PI  
Ugh lrlnds removed a considerable amaunt of  cantmdmmt f ram the teat paneb 5 ;  

dJ 
ao that quantitativa decontamination atudAea could not be made. xi 

Ei 
b! 

'Phe major p t h  of the contaahnt fall-aut foU- tha 2 ! 
Utlderpund Shot bypassed the construction panel site. Newrthsless, lhrll F ! 
sets of madfngs were taken prior to and follolRfrqg d e c o n ~ t l o n .  The 
follodng sect ion concerns results fmm the Undargmmd Shot studies. 

Both the plastic Silai and the strippable coating 
were Ube- contaminated, They Whited completely the contamhation 
of the under- wfaces. 

7.5.2.2 Oiled SLLTfmss vg D q  Smface's, Coated *faces 

The c e n t ~ t i o n  retained by oiled m r f ~ c e s  rma 
p a t a r  than t r i c e  that held by dry, clean, ~ ~ s t s d  surfaces. The large 
i n i t l a l  retentivity of m i e l a s  on o w  surfaces ten& to rebuce mate- '=-kb 

dal ly  the migration of contaminants, thus decreasing the airborne hazard. 
However, retention of contaminant on oiled marfaces fncreaeaa mernal 
radiation hazard to contamination e m ,  The abborne h a z d  can be 
controlled by use of pmtectim -pent, rmch as gas masks, but an 
extermal radiation hazard i s s  difficult to contml. This type of hazard 
ia to be arrbided 3f at all feanible. 

The c o n ~ t i o n  r ebbad  by roof pmls ras 
a ~ t e ~  300 times that held by the ver t ica l  pmsla. lXzs to the lorr 
Ieml of oontaminatioa in t h i a  test, decon-tion of walls rss not 
1.sqai-d; homvsr, this d d  not necessarily be true for a bigher level 
of eontaPlination. 



The autoradiograph (Fig. 7.6) M c a t s a  that 
angular shapes retained a higher concentration of contaminant than c d -  
&ear projections and mesasee. Hmrter, bscause bf the lorn oder of 
actual activity on the  pangh, *her study of t h i a  phenaenon rrfll be 
necsssw befom genersllzed eonclusiona can be stated, 

Tt m i l l  be noted that t h e  m a w s  for 1 day and 
2 days after the U n d e r m d  .%t (fig. 7.5) do not conform t o  the fission- 
product deruryr Inl, dd.,ch applied pnerd ly  for the per iob  under discusaim. 
It is bllemd that th is  deaiattan .rws caused by the rather exbensi~a 
mmlgration of conterninant dust wMch followed t h s  contadmthg event. 

Bat-e of the W t e d  activity in the panel area, the dacon- 
tamhation effort ras limited to w d n g  and high pmasure honing ~ 5 t h  
deter@ aalation, 

Dseontaabation by mnudng rraa rslativsw inaf- 
fectim, V w w b g ,  at  a decontamhation rate of 40 sq ft per q u i p e n t  
hr left a Mgh mai- contamhation, ran&g 1- 9 to per cent. A 
high presvase water strsam wlth detergent additivg, an the other hand, 
dscontadmtsd a m f  -face, *lag- or gra~~].-fMshed, at a rate 
of n p p d t e l y  600 sq ft per ggaipent hr and left an avarsga rssidusl 
contahation of less than 2 per cent. The C h d c a l  Corps1 DecontaaJllation 
Bpgaratus, U A 1 ,  wed in the praaent test and proved to ba mry aatia- 
factory &*ha& solution capacity ia limited. Amas located at s distance 
fm the water supply can be decontadnated by us- thie apparatus. Uham 
adfacent mter tmpply is available, the  use of a Ffra hose d d  giva 
,s&%~F d ~ 0 n e t L O L  

OUed m f a c s a ,  though Initially contambatad t o  
a hi* lsoel, respond as m a w  as non-oily coated mfacea t o  decon- 
tamination by horhg with detergent nolution, 

A n o d  roashlqg operation, prodded the psassure 
l a  Ugh sncmgh, rea~~vas s high pcsrcentqp of contaminant A.aP1 gemaetric 
~onfigwatfona~ Horremr, tha deeper the mesas, the water  rlll bs tha 
gaarrnt of m a i m  contamhat5on, par t ldar ly  &em surface dmdmga ie 



'Phe fo l lmbg l a  a suaunar~r of  the conclusions made from obraroations 
and test data, 

1. Fram the standpoint of dry c o n t ~ t i o n ,  smmthnesa, hardness, 
and conthul ty  of =face were parameters governing the contaminabUty- 
decontaminabiUty characteristfca of conertmction materlala and protectim 
coatings. The specific formulabfan of a protectlm coating, except aa it 
affects the parameters indicated, appeared to be relatiw~mbp&ant. 

2, Contamination found on walls rras mry small c a p r e d  d t h  that 
on roof' mrfaces; thus, decontamiaation of walls was s e l a t i v e l ~  mbporbant 
in this test. This would not necessarily be t m e  if the 1-1 of contad-  
natlon rrem greater. A subsidiary conclusion i s  that protectlm mesauma 
which orould render roofs less contamhable, or f a c u t a t e  their decontami- 
nation, might be of same value, 

3, The degme of contadmtion appeared t o  vary d i r e c t 4  mith the 
alepa of the surface Avlm horimntal t o  vertical, 

4.- The application of an o i l - U s  fUm o v e ~  a surface prior t o  a 
contaminathg avant tended to increase the fnitial level of contamination 
and did not f a c u t a t e  decontamhation. Ftlrther exploration in thin field, 
particalarly on an operattonal scale dosa not appear t o  be justified, 

5. Vacuuming wan a relatively Ineffective dacontahatfon process, 
fiemars, high pmasw hosing using a detergent additive Itn water m u  very 
ef f ectf vs, and operat1onaIJ.y f essibls . (3ubsequent ewzrfments hd ica ts  
that the detergent addftiva is advantageous only if an oil f i lm 5s present,) 

h t e s t  msults, it is erldent that the containhation of the land 
target e@ax resulthg -face and under-d buratrr conatPtutan 
a real and serious h a r d  and that further studiea in tbia f i e l d  am 
essantfal if appropriate pmtsctivrr and rehabilitative criteria are t o  bs 
f o d a t e d ,  Sufficient data were acctmdated on JAlGU, to fndicats the 
general tmnd of the contamhating w e n t  Insofar as matsrlale a m  con- 
cerned, but to be of & practical d u e ,  such data must be madm 
a d a b l e  in toma of  e t m c t m s  and gggregations of etmcturea. 



L, 8. Werner 

Six sxperimata on contamiaatim-decon-tion phenomenolo~ in 
both the Surface and Underground Shots at Operation JUG= were designed 
to y i e l d  information on the SoUmhg points: 

1. The influence of the stmctural orientation of a surface on 
Zts conteminsbility. 

2, The fnnuance of the structural orientation of a surface on 
the particle a b e  Utribut ion of the deposltsd eontaminant. 

3, The hf lneace  of surface roughness and hardness on the 
contamination-decontamination behavior of materials. 

4 The m u e n c e  of -face clea&bess on the contamination- 
deeonbmhatfon behavior of materials. 

5 .  The contam3nation-decontahatkon behavior of selected corn- 
m e r c u y  ava3labls mterials m s e d  to golid partidlate 
contaminants. 

6 .  The eff ectf~enlescl of selected chemical decontnm.innting agents 
on solid particulate c o n ~ t a ,  

The findings, cansidered to be specific for the conditions at the 
B m *  Teat Site, m e  as followa: 

1. Contadnation on horbontal surfacea was freqtlemtly greater 
than that on non-horizontal surfaces. Differences of a factor 
of 30 t o  40 ware obsemed. 

2. Vertical surface8 mata3nc-d a e r  particle shes than 
inclined or horizontal surfaces, 

3. Surface roughnegs had no cle-w defined effect on contad- 
nabflity. Surface roughness did sffect deeontambability by 
factors of 6 to 10 (residual activity), the mu@ aurfaces 
r e ~ ~ g  more contamination than the 8mooth. 

Security lnform&& 



4. Delkberataly soiled ~urfaces mere more contAmjanble than clean 
surfaces by factors of 2 t o  7.5, but decontaminated as well as 
or better than clean surfaces. 

5 .  Navy gray paint wae f m m  1.5 to 12 times as eontaminable as 
bare alrrminum, glass, m d  chromium-nickel steel, but a l l  of 
these materials dscontnmfnnted reacEily. 

6 ,  The w e  of chemical additives was definite ly  admutagems in 
the immerafon t echtliques W o p d  for decontamination, 

The eqerintents reported here were desieJled t o  achietre the foUmbg 
three general objectives: 

1, To p r d d e  hfonwtion lea- to the d-1-t of more 
efficient decontamination proceduregi 9n the f i e l d .  

2. To provide infomation leading t o  the selnetion or developant 
of materials having low cantaimabilities and good decontapli- 
nability properties. 

3. To provlde Information leading t o  the development of adtab le  
d e a m  crfterb (from a radiological atandpoint) for military 
equipment and construct ion. 

Y t atations were wed t o  expose samples at both detonations, 
The gtat on pattern emplopd in each detonat~on %a depicted in Fig. 8.1. 

Samples were placed in exposure containers, and the containera, in 
turn, bclted t o  the top of plpood platform. To minim-rze contamhation 
of experimental. materid by dirt in the b e d f a t e  vicinity of the  stations, 
the 314-in. platform topa were fixed to atse l  legs which extended 4 ft 
above the ground. 

The containers were comtructsd t o  expose mate-s fox o d g  a short 
tfme after detonation, and thereby protect samples againat rain and prior 
soil deposition. The majority of the specimeM m e  placed in "sllding 
trayn exposure containers as shown in Fig. 8.2. 

Two triggers on each container contmUed the opening and c loshg  
of the Endiddual trap. A l l  triggers were activated by a c-on mecha- 
dm which, h essence, conaistsd of preset rat t r a p  operated by alarm 
clocks. The c l o c b  mere set  t a  activate the springs of the rat trap at 
given time intsmds before cvld after each detonation. The e m s u r e  con- 
tainer Is shown in Fig, 8.3. 



GROUND ~ E R O  
UNDERGROUND SHOT 

SURFACE SHOT 

Fig. &.I &pornre Station Patterna 





E 4 8 a f f  rorlng pan t o  a w l *  szposut* poritlaa. 
JlShaar  trfggar t o  r*lmarr 216. 
K4hsar  trlgger t o  mlaaas  pa^, 

f r d p r b g  l a d e d  l i d  to proteet amplan  before mad after axpornre, 
M-lSprhg loaded pan for rrapls srpclnurm. 
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In recovering samples, trays and tray covers were removed as a 
unit, taped together, and transported t o  a buildin& at s control poihnt. 
A t  t h e  control pint, specimen panels were removed f r o m  the trays, 
hdividually covered, and placed in plastic bags before b e h g  crated 
for shipment to USNRDL. 

A l l  aampZa panels recovered after the Surface Shot were wet t o  
varying degrees by heavy rains that had entered the exposure tray8 through 
two smalh openings in the lids; Underground Shot sample panels were not 
wetted. It is felt t h a t  aince the experimental materm mere returned 
t o  U S m L  via truck and subjected t o  jarring, contamhaat redistribution 
o c m e d  on sane samp1es. This is felt to be particularly true in certain 

, fnatances of heavy r~aterial deposition which occurred after the Underpound 
Shot. 

An outUne of the nuin features of each df the six experiments is 
Included in Figs. &,L+ through 8.9. 

8.4 RESULTS - AND DISCUSSION 

The detdled result8 and discussion of the aeparate studies are 
reported in Secs. 8.l+,1 thmugh 8.4.6. 

It is bel imed that the reaults obtained am spmUic for t p  of 
contaminating went axld contarahant studfed, via, surface or undergmmd 
atomic 'banib detonation Jn sandy 8011, and sd5d p a r t i d a b  contaminant. 

8.6.1 C o n W b i U t y  Characterbtics & Materiala aa Determizled 
b~ Their Orientation during and after Coontnmiaution 

The results of this inosatigation M i c a t s  that the struc- 
tnml orientation of a surface does Mluence, to vz@mg degrees, etw- 
face caataminability. This, of course, m s  d e e m e d  only for the con- 
ditions of the JAN= Uaderground Shot experiment; hoaeve~, s W e c r  results 
were obtainsd at Operation GEEHHousE.~ The concluaione of Secs. 8.4.2 
and 8.4.5 of t h b  report also tend to support thfa t h e s b  of orientation 
iaflumce. 

Caparinona were made between horisontal. surface contami- 
nation and nun-horlzontd =face cmtmhation, These evaluakioas have 
been Included as Tables 13.1 and 8.2. 

l I. B. wmmr and S. ~mi~h, qonwtion-dew11-t ion ~ t u a o a ~ ,  
I0peratton ~~, Project 6.7, F h a l  Report, Set, 3.1,1.2, 



To determine the influence of the structural orientation 1 of e material  on the contambabilibj of the matarid. 
I 

Etght  alnminumfaced wooden Forms of the orientation 
angles shown above were expoaed in alidjng tram at  each of eight 
a t s t h s .  Aluml: :ea ner h cdLlt ,cetate 
b p e  (adhesive s m), A , the 1 lere 
sprepd with p l a  fix t t in@ t r i p p d  
f r o m  the forma, and m u t e d  fht on cardboard backing. 

num fa< 
ide dm 
s t i c  t~ 

e cove1 
fter el 
ha con1 

~ e d  w i t  
p s u r e  
;aminan 

f low a 
;apes 
lace, s 

Data Takm: 

Autoradiograph of each tape, and act5vitg count of 
repmsmbtiva 1-3n.-eq samples of each tape. 

Results and Piscusaion: 



I 4LIYL , ,  SL~DE- , . - - L B R ~ ~ ~ - ~ ~ =  - ; 
I QUPE 9 

_-RL3KL- B L P ~ K  
GA+rm 

-- 

SLIDE 1 
- .  

8RI3S P - - SLIDE 4 ': 
-. 3 

SLIDE 1 GRIDS I 
- - I _ 9LlWE 2 P 

. - 

To detexrPine the prkic le  size diatribut5on of cmtd-  
a a n t s  depoaitad on U h  aurfeees exponed a t  Wfersnt aqglem 
of orientatioa d w h g  the eontadmation pmceas, 

Procedure: 

U b e n  a s s  microscope sUdea 2 4 2  by 1-J/2 em 
(.rrith eleetmn m i e r o s c ~  grida afflxad as s h m  dm-) 
mm+ed on wooden forsls at ~arilaas angular or5entations, 
uem expored in eliding tra~rs at each station. After 
mcoterg, the c o n t d h n t  was f ixad In place by ap- 
rrlth phstfc ,  

Ilcti~Xty coPmta, slectrrm micrographs, phottdemgrapha, 
and particle sire mespammunta. 

Results and Xsmsaion: 

Fig, 8.5 Inflnsnee of Angular Orientatfan of 8urface on 
Particle H z e  Mstrlbutian 



, 
I 
I 

8 . . m  - 
I 

m a s :  

To detaFmins the influence of surface roughness and 
hardness on the contgmination-decont-tion behavior of 
materials. 

Procadura: 

Ten santplea of &&a, ten of t i l e ,  and eight of aluminum, 
each &1/2 in. eq, mere exposed b slidring tray containers at 
each station. The glass and t i l e  sets each exhibited six 
grades of surface roughaess. Four samples in each aPuminu;n 
set were coated atth po~~~aobutylene,  and four with polyvb~yl- 
acetate,  each coating yieldjng four gsades of hardness. Sam- 
ples were treated by met decontamination techniques, 

Data Taken: 

Surface roughnaae and hardness measurements, and activity 
count6 before and after deeontambtian.  

I 
Reaulta and Discussion: 

SSSSUC. 8.4.3- 

F ig .  8.6 Influence of Surface Roughness and HaFdnesa on 
Con-tion-deconthation of Materials 



To compare the contmhatlon-decmtmhation behavior 
of deliberately soi led and scm&ouslg clean ntwfaces. 

Sixty brass dish 1 in. in diameter and I/$ in. thick, 
pafatad Navy gray, were attached to aluminum sheets and exposed 
in sliding t r a p  at each station. Twenty disks h each set 
w e r e  deliberately soiled with an artificially created hdm- 
t r M  film, Wet decontamination techniques were used, 

Data Taken: I 
Activity c m t s  and autoradiographs before and after 

decontamination. 

Results and Mscussion: 

See Sec. 8.k.4. 

Fig, 8.7 C o n t ~ a t i o ~ d a c o n t ~ t i o n  Behador of 
Clean and Deliberately Soiled Surfaces 



To h e s  tigat e the contamhat ion-decontamination behavior 
of field-con-ated materials in order to improve techniques 
for evaluating the radiological characteristics of materials. 

One and one-quarter inch square samples of Navy gray 
paint on anodhed aluminumJ bare anodized duninurn, chromium- 
nickel steel, and windm glass were mounted on plyvrood paneb 
f o r  exposure. Panels were placed v e r t i c d y  and horizontally, 
facing toward and away from ground zero. Both wet and dry 
decontamhation techniques were uaed. 

Activ i ty  count and autoradiograph of each s~tflple before 
and after decont amhat ion. 

Results and Discussion: 

Fig .  8,8 Contamination-decontadnation Behavior of 
Selected aterials 



l T  H l V l  CqhV 'L INT S d M * . t S  :3h't? rn 
C F-EhH U A V *  G**Y PAINT 5*MPLE$ 
4, C .  ' A N  A L T C 1 0  I L U U I N J U  I A H V L T ? .  

To *artbate the efficiency of selected decontaml- 
nathg agents on eelid particulate contem9nation f rm an 
a w e  bomb detonation. 

S*y alaminm disks 1 In. Fn U t e r  a d  IJS fn. thick 
aers attached t o  d d u m  ahsets  and exposed in sliding trays 
at each station,  Rsenty disks  An each set mere idc lad dd- 
nm, and forty ware painted with Maw gray. Selected net 
decoatem5nathg agents ware tested on these disks. 

Data Taken: 

A e t l d t y  counts and autora8iographs before and after 
decantadnation. 

See Sec, 8.4,6. 

Fig.  8.9 hvestigation of Selected Decontmbatlng Agents 



Contamhation on Top Horizontal Surfaces vs Contamination on 
hcllned Surfaces Shielded from Vertical Fall--out 

t -A 

Top Hofimatal Contamhation Per Cent of Comparisons 
Equal t o  or Gr er Than 

c on-horbontal- contamination(a) Noted Ratio t8 
b0: 1 3 
30: 1 16 
20: 1. 26 
10: l 29 
j:l 37 
3:l 68 

Conternination on 30°, 45O, 60°1 75O, and W0 surfaces. 

(b) M y - e i g h t  comparisons were made. 

Contmrlnation on Base HorSzontal Surfaces 7s: Contamhation on 
Inclined Surfaces Exposed to Vertical Fa -out  

Contamhiation on WO, lX)O, and 15Q0 surfaces. 

(b) sixty-two canparisom rere made. 

J 

b e  Horizonbl Contamination 

fo~horhmtd contaminat ion(&) 

Per Cent of Cornpariaone 
Equal to or Gr er Than 

Noted Ratio E y  

30:1 
20:1 
10:l 
5:l 
1: 1 

0 
3 
5 
16 
53 
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The values listed 5n Tables 8.1 and 8.2 indfcate that the 
horizontal surface become8 contaminated t o  a greater extent than does 
the nm-horizontal surface. It is aeen that in a number of cases the 
contamhation Ufersnce is quite significant, In a few hstances the 
contadmation ra t io  is large, on the order of 30 and 40 t o  1, Only 
three occurrences were found where the h o d z m t d  t o  non-horizontal con- 
tamination r a t i o  approached 100 to 1. 

In the main, large horizontal t o  non-horizontal, contad.- 
nation ratios occurred with forms which had been q s e d  at highly con- 
taminated stations. Samples at these stations were covered wAth a rather 
thick, discontinuous coating of contanbated matter, The majority of the 
large ratLos obsemd was due shplr to formation of successive l a p r e  of 
thia active matter on the horizontal surface. 

Another r e a m  for the l a ~ g e  contamination ratios w a a  the 
-tence of isolated particulates which were much more radioactive than 
the bulk of the contaminated particleer. A t  t h e $ ,  the activity on a 
aurface was concentrated fn a relatively ~d number of these extremd.~ 
active particulates. As a nonuniform activity dlatributlon mas found on 
the B U F ~ B C B ~ ~  the very nhotm particles created 8 f ew  si.'tuations of large 
horbontal to non-horizontal contamfnation difierencea. 

It l a  assumed that the procedures used t c  recwsr a d  return 
samples cawed a recbtribution on the forma of the thick activfty 
deposits, If better sample recovery (and transport) techniques had been 
available, it is probable that  a greater incidence of large hor%sontal t o  
non-horitaontd contambation ratios would have been obaemad, 

This investigation found no significant difference between 
contamination on surfaces facing the point of detonation, and surfaces 
fachg away Pram the point of detonation, S i m i l a r  resulta mere obtabed 
in the invemtigatians reported in 8.4.2 and G.4.5. 

8.4.2 Influence of the Annular Orientation 2 Surfaces on the 
Particle S ize  Distribution of Contaminant Deposited 

Before particle size meastuemmts rere made, the a c t f ~ i t y  
lwel of the conbambmta found on each sl ide were determined as recorded 
in Table 8,3. 

An  ati ion of Table 8.3 ahoars that the resalts obtalmd 
with Surface Shot materials are very random. T h i ~  is doubtleasly due t o  
damage caused by t h e  indirect exposure of the anmples to the combbed 
rrhdstorrp and rainstorm, 

Although the d u e s  obtained with Surface Shot slides varyS 
they tend t o  follow the same pattern found for the Underground Shot. The 
data of both shots show that the vertical orientation coUacted leas 
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activity. There was very little difference in the activity found on the 
inclined and on t h e  horizontal orientatione, This result  is sornevdhat 

" 81 surprising, since it seem logical. to suppose t h a t  some gradation in il 
activi ty s h d d  occur as the orientat ion of a surface is gradually changed i;i 

from horbon ta l  t o  vefiical. fndeed, other investigators have noted a 31 
- ,  

few activity ratios as high as 20 to 1 for some horizontal to inclined $1 
? I  

surface orientations (cf. Ssc. ?3.1,,1). It appears that f u r t h e r  investi- 
gation in the laboratory is necessary before it can be decided how radio- 
activity deposi.ltion varies in the case of horizontal and inclined surfaces. 

A c t i d t y  Bat ids  on Microscope Slides Exposed a t  Diff ersnt Orientations 

Resfits obtained by measurement of particle size are 
reported h 1. and 2. below: 

1. Optical Microscope. 
Since the Surface Shot samples were eqmsed to adverse 

weather cmditions, it was felt that the results would probably be incon- 
cluskpe. Therefore, it was decided that only the Underground Shot aan- 
ples should be measured and reported. The particle shes measured with 
an o p t i c a l m i c ~ ~ s c o p e  me =ported as mean diameters in Table 8.4. Their 
composite average b a l a o  given. The latter d u e  is the average of a l l  
the  values at a particular orientation for aJ1 stations examined, AZZ 
future ramarks regarding the data w i l l  refer to these values. 

- 

Detonation 

Surface 

Underground 

Because of the 1Mt of the resolving poHer of the emulsion 
wed Sn autoradiographing the al ides ,  it mas impossible to measure accu- 
rately particle sizes below two dcrons with the  optical microscope; 
hence, dl particlea below this size were reported as having one value, 
that of the average particle size obtained rrith the electron microscope. 

Station 

1 

3 
5 

9 
10 
13 
14 

Ratio of Activities 
Rear Vertical 

Rear Horizontal 

0.12 

0.58 
0.15 

0.22 
0.11 
0.18 
0.20 

Front Vertical 
Front Horizontal 

0.32 

0.94 
0.25 

0.33 

m3 
0.20 
* - 

Front 45' Angle 
Front Horizontal ------ 

10.1 

1.88 
16.8 

1.7 
1.5 
0.W - - 

Rear 45OAngle 
Rear Ho~izontal 

0.40 

29.0 
0.99 

0.99 
2.0 
0.87 
0.78 



Station 

9 
10 

Particle S ize  as a b c t i o n  of Orientaticlll !a i I , 
for h d e r w m d  Shot Particulates L c 

rl 

Slide ToulNumberofMeanDirmeDle).fi), a r i 
Orienra tion Particles, N (microns) (microns) 5t $1 

Horizontal (180') 86 7.8 
!I 
tI 

Horizontal (Slide 1) 329 12.1 4: r ,  

Horizontal (Slide 2) 2 14 8.5 i\ 
Horizontal (Slide 3) 372 12.1 $ j 

I 

Hor1mntal (Slide 1) 138 9.9 - 
Horizontal (Slide 2) 681 9.2 @ :I 

Hotizontal (Slide 1) 190 9.2 -1" 
1 7  

Horizontal (Slide 2) 115 8 .5  c 

10.5 

vertical (90') 
Vertical (Slide 1) 275 11.4 
Vertical (Slide 2) 155 9.9 
Vertical (Slide 3) 259 12.1 
Vertical (Slide 4) 91 8.5 
VeaicaI (Slide 1) 63 8.9 
Vertical (Slide 2) 73 6.4 
Vertical (Slide 3) 32T 10.7 
VerticaI (Slide 4) 154 11.4 
Vertical (Slide 1) 375 12.8 
Vertical (Slide 2) 315 9.9 
Vertical (Slide 3) 319 9.2 
Vertical (Slide 4) 323 7.8 
Vertical 22 4.3 

10.3 

lnclined (45O) 289 
Enclined 208 
Inclined (Slide 1) 973 
Inclined (Slide 2) 592 
Inclined 52 

= i ni for one station. 

(b) Ccrposits Average 1 =EN& - , rhsre NT = number of partielea 
N~ for one or5entation at dl stations. 



Security Inlomation 

The results show no great difference in particle size 
between t h e  three orientations. Although the  angular value is l a rger  
than t h e  horizontal. value, the difference is believed not to be signifi- 
cant in respect to mter5al contaminability. Indeed, t h e  radioactivity 
ratio of inclined to horizontal surfaces in Table 8.3 shows that the 
inched surface is contaminated only sl ightly more than t h e  horizontal 
one. 

2. Electron Microscope. 

The compafison of the results of particle size measurentents 
Kith the electron microscope grids exposed at Surface and Underground 
Shots with those obtained from optical microscope measurements indicates 
that again all three surface orientations held particles which did not 
differ in size by any g~ess amount. Table 8.5 cmpuws the p&icle 
diameters found, with both the optical  and electron mtcroseope, at dif- 
ferent orientations; the values again show that t h e  vertical surface 
contains the smallest particle, Although aome difference io, the inclined 
to hofizontal ratio8 exist, a l l  of the values are close to unity. 

Ratios of Composite Average Mameters of Particulates 
I i 

Det 

Microscope 

Surface 

See Table 8.4. 

lkthod Of 
Measurement 

Electron 
Microscope 

Cornposit e Amrage Diameters (a 

0.66 

Vertical Orientation 
Horizontal Orientation 

k c l i n e d  Orientation ' 

Horizontal Orientation 



Security lnfcrmatiun 

A plot of particle number, n, versus particle digmeter, d, 
is shown in Fie .  8,10 and includes data from both optical and electron 
microscop measurements for all orientattons. However, s h c e  the pofnta 
from both t~rpes of measurement l i e  very close t o  one another, only a 
s h g l e  line has been drawn. The number of particles represented in the 
electron dcroscope measurements have $em nonaalizad on thb c u m  go 
that a smooth extrapolation between the two curres is possible. The cm- 
bked  c m e  gives a hyperbolic distribution with Unear coordinates, The 
plot  of particle diametar, d, versus cumulative frequency has been con- 
structed from the data obtahed with Underground Shot el ides  (Fig. 8.11). 
It b reported to show that desplte differences in dope the curvea 
obtained at all orientations have e U  t r e n d .  

An exambation of the results obtaineilleads t o  the con- 
clwion that, under the conditbns of the Operation JANGLE expgrimmt, 
the particle aize of deposited contadnmt did not vmy a great deal wfth 
surface orienbtim. It should be pointed out, however, that the partrcle 
sfie measured ia M a  experfment does not represent the true fall-out 
from the burst. To have done t h b ,  it d d  have been necessary to have 
had a~ailable a better procedure for the recovery and return of the saw 
flea t o  the laboratory. h e  t o  the rough treatment received by the sam 
ples before measurement, it muat be concluded that the results derive 
from a particle s b e  which adhered to the surface after being subjected 
to such m3ld decontamination as would be achieved by jolting and jarring, 
This does not b d d a t e  the importance of the results, f o r  it is reaso* 
able t o  assume that t h e  particles which adhere to a surface repmaent a 
contamhation hazard which m t  be waluated. Theref ore, a knowledge of 
the particle s h e  measured in the present study is of extram importance 
in decoatnm-lnation phenomenology. 

Dilferences were obaewed between the radioactivity ratioa 
and the particle s ize  ratios for the vertical to horizontal -face orien- 
tation, fithot& the presence of a larger particle s h e  on the hodsantal 
surface could lead to Identical results, it is believed that these,diJfelc 
ences can be reconciled by conaidering that more particles of comparati~e 
size are retained by the hortzontal surface than by the vertical, surface, 

8.4.3 Influence of Surface Rowhess Surface Hardness on 
t h e  Contamination g& Decoatamfnation of Miterlala - 
Samples were subjected t o  some wind md rab after the Srrtc 

face detonation, Theae weather conditions undoubtedly M u m c e d  the 
nature of the contamiaant on the speclmsns. For this reason, it i a  f e l t  
that results obtained with materids contaminated by fie Surface Shot 
are not a8 rel fable  as results obtained with Underpund Shot mterlaXta. 
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CUMULATIVE FREQUENCY 

Fig. 8.U Particle Mimeter ps Cbd~t iw  Fregueney 



8.4.3 .I Rou&ness Studies 

Analysis of the data aacured with glaes and tila 
specimens showed that the c o n t a m b a t i o n - d e c o n ~ t  behavior af the 
tile was quib erratic. 

The irregular action of the t i l e  was  probably 
' b e  to tbe poronity of this material. Emmination of the t i l e  surfaces 
revealed interstices whose size was as large as 20 microns. The investi- 
gations of Sec. 8.4.2 found a large percentage of the deposited activity 
to be particulates havfng a size in the order of 1-2 microns, It is 
quite conceivable that these small particles actually became lodged in 
the poroue etructure of the t U e ,  and that aubsurfacs rather than 8UPfBce 
contadnation occurred. Same midenca for assurafng subsurface contami- 
nation appears in comp&son of results obtained with t i l e  eqmsed at the 
Surface Shot, slth results obtained with t i l e  exposed at the Underground 
Shot. Rain after the Surface Shot may very Likely haye transported p a p  
ticlea below a e  tile surface; therefore, it mas expected that t h e  S u r -  
face Shot r e s u l t a  would be emen nmre erratic than Underground Shot results. 
T h i s  was actually found to be the case. 

The discussion below is concerned with the measure-  
ments carried attt with the &sa spechem expoaed a t  both detonatime. 
The e m t s  of contamination found on the surface8 are reported graphi- 
cally. Figs. 8.U and 8.13 show t he  results obtained with two0 groups of 
samplea contaminated by the Underground Shot; Fig, 8.U reports the results 
of measurements of  eamplea contaminated by the Surface Shot, Each value 
in Fig. 8.12 and Fig. $.U, ia the mean d u e  obtained with three sanples, 
and h Fig. 8.13 each d u e  ks the m e a n  of five samplea. 

The graphs do not p e d t  definite conclusions 
p8g- the manner in which roughness influenced the centaminabillty of 
mtsrhls exposed t o  radioactive fall-out, The Least reliable curve 
(FQ. 8.U) iad5eates a decreaehg contambabililty with increasing rough- 
ness. The Underground Shot curves show in one case easetntifiy no effect 
of roughem, and, in t h e  other caae, an incrcerashg contamfrrabXLity with 
Zncma~hg roughness . 

It appears from Fig. 8.15 that the percentage 
decontamination &chi wed was a function of surf ace roughness. Derivation 
of the graphs was based on an assumption of a constant 1-1 of inftbl 
conbm3nant in each tray, The c u m s  h d i c a t e  that, in general, an 
increased mughness of surface lad to a decreased percentage decontd-  
nability, T h h  appamntly is the case for spechens exposed at both the 
Surface and Undersound Shots. 

In the decontamination graph8 for the Underground 
Shot a w e s  hcludsd ia Pig,  8.12 and 8.l3, the ems show, fn the 



Fig. 8.U C o a t ~ t i o n - d e c o n t ~ t i o n  Behavior of U s e  SpcIrans 
&peed in Con-era 9B and UB at Undeqpnmd Shut am3 
h e o n t a t t e d  by 3ponghg 
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MICROINCH ROUGHNESS (RMS) 

Fig, 8.U C o n t ~ a t i o f i - d e c o n t ~ t i o n  Behavior of Gclasa Spechem 
w s e d  at Surface &ot and Decontaminated by Sponging 



M l CROI NCH ROUGHNESS (RMSI 

Fig. 8.15 Per Cent P e c o n t ~ t i o n  Achiemd with Glass Spechens 



over-all sense, that the quantity of activity which ramained after decon- 
tamination increased with increased surface roughness. Note that this 
appears to be true for both sponge and water decontamination. The decon- 
tamination ewe for Surface Shot material8 ( ~ i g .  8 . u )  only part- 
substantiatss the evidence obtained frmn the materials expo~ed at the 
Underground Shot, K i t h  Surface Shot samples, a decreased contaminant 
retention appeared with roughasses greater than approximately 100 micro- 
inches. However, it is quite probable that 15th Surface Shot samples the 
dec~eased contaminant retention was a function of t he  decreased contami- 
nation found on roughnesses greater than 100 dcrainches. 

Although, at any given roughness, the percentage 
activity remaining on Surface Shot samples exceeds that on Underground 
Shot samples, the 3nitial contamhatLon found an U n d e r p u d  Shot samples 
was mch greater than that found on Surface Shot samples. As a cons* 
quence, after sponge decontamhatian, a greater quantity of contaminant 
remined at compxable surface roughnesses, on materials exposed at the 
Underground detonation. 

e.4.3.2 Hardness Studies 

Beaults obtained with the hardness specimens are 
shown in Tablea 8.6 and 8.7. In the case of isobutylene specimens con- 
tamhated at the Surface Shot, the amaunts of contaminant detected on the 
softer surfacea (I and 11) far exceeded that detected on the harder sur- 
faces (111 and IV). Isobutylene surfaces exposed at the Underground 
detonation behaved 5a a like manner, bu* to a lwser exbent. Thus, on 
the basis of the isobutylene data, St is possible t o  tentatively post* 
late (aub~ect to the sample recovery and transport procedures employed) 
that, under QperatLon JANGLE contaminating conditions, soft surf aces con- 
taminate t o  a greate~ erxtent than do hard surfaces, 

lnfluimce of Surface Hardness en Contamhatian-decontamination 
Behavkor of Materials m o s e d  at  the Surface Shot 
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hfluence of Surf ace Hardness on Contamination-dec~nt&~tirn 
Behavior of Materials Expsed at the Surface Shot 

(a) 
The greater the. Sward No. (or %n NO.) the greater the hardness. 

I 

Average 

0)  Initial Average Sponge Decontamination 

(b) Each value is the mean of i l l teen detenainations with 10, 25, and 
50 gram loads. 

Materia1 

Polyacetate I 
Polyacetate II 
Polyacetate In: 
Polyacetate TV 

Innueace of Surface Hardness on the Cont a m i n a t i o n - d e c o n t ~ t i o n  
Behavior of Materhls Exposed at the Undermud Shot 

la) The neater the Sward No. (or Tukcn NO.) the greater the  hardness, 

Hardness VaIuea 

Material 

Isobu~1e.e 1 
lmbmylene I1 
Mbu'ylene IIl 
hburylene IV 

@) Each value is the mean of fifteen detennhat5ons with 10, 25, and 
50 gram l ~ a d a .  

Conram- 
ination 

(c/m X l oa3 )  

226 
130 
115 
38.8 

Sr*ard NO. 

(Mde) 

26 
18 
24 
33 

Tukon No. (b) 

4.3 

2.4 
7 . 1  
8.3 

Contamination 
Kemaining 

(c/m x 10-3) 
0.564 
0.605 
0.200 
0.303 

-- 

valda,  

Contamination 
Remahlng 

(per cent) 

0.25 
0.47 
0.17 
0.78 

A g e  
Wrhl 

Conurn- 
Inattan 

(c/mX 10'~) 

1, 740 
1,100 

692 
1,090 

SMrd 
No. 

w e )  

8 
10 

22 
28 

Myacerate 1 
Polyar&~ate II 
PalyzcetateICf 

306 
414 
259 
301 

Tukon 
No. @) 

87 
79 
92 
87 

Average 
S ~ n g e  
W o n -  

tamhation 
(e/m x 

1.45 
0.58 
0.38 
0.39 

8.9 

28 
18 
24 

70.0 

54.0  
56.0 

4.3 
2.4 
7.1 

Avetage Water Wash 
Plus Sponge DecontamIrtarion 

Cmmm- 
ina t ion 

after Water 
Wa& 

(c/m X 10'~) 

1,050 
744 
5 14 
661 ------ 

25. 0 
22.2 
18.8 

8 - 2  
4.7 
6.5 

Conram- 
ination 
after 

Sponging 
(c/m ~10-9) 

73-6 
59.6 
27.0 
23.0 

Contarniolrion 
Remaining 

Msed on Initial 
Contamination 
(per cent) 

4.2 
5.4 
3.9 
2.1 



Sward and Tukon t w t s  adequately claas5fied the 
relative hardneaa of on3g two members of the plyacetate aeries. It waa 
dets&ed that polyacetate 11 was softer than palyacetate IV, The con- 
tamhation data secumd with these two plyacetate eurfectm support the 
supposition of the paragraph above, With samples exposed at both Surface 
and Undergmmd detonations, it am found that polyacetate IT was contBmi-- 
nated to a greater extent t h a n  polpacetats IV. 

Soft and hard surface contamination diffezlences 
ranged by a factor of from 1-1/2 to 10. Note that the large differences 
m e r e  obtained with Surface Shot materxs. These large differences 
probably were partially due to the wind and rain following Surface Shot, 

Hard isobutylene surfaces decont-ted t o  a 
lower 1-81 than did so f t  bobutylene surfaces; ~ e s i d u d  contamination 
on s o f t  surfaces was appro-tely tlro to three times t h a t  on hard SUP 

faces, 

DecontaJnination result8 obtained with polpacetate 
I1 and IV samples are contradictory. With Surface Shot materials, twice 
the amolmt of activLty remained on plyacetate If after decontm5nation 
as remained on poLgacetate IV. APter decontamination of Underground Shot 
specltmens, it mas found that more activity I.smained on polgacetste IV 
than on polpcetate JI, 

8.4.4. Contaminetio*decontmbtion Characteristics of C l e a n  
and Labora$ory Soiled Surfaces - 
Samples coated with fnctustrial fi retained contamination 

to a greater extent than did clean anmples . Tfib difference is shorn h 
Fig.  8.16, a photograph and autoradiograph of a contemlnated sample panel. 
The l igh t  colored specks and areas on the samples h the photograph m e  
deposLts of contaminant as hdiested by comparison of photograph and aut- 
radiograph, In this comparison, the l ight  specks and areas on a sample 
match closely the dark specks and areas on the autoradiograph made by the 
sample. 

The counting data 5n Tables 8.8 and 8.9 were derived uith 
materhls expeed at two stations. These data illustrate the difference 
in retenttan of contamhatian by clean and industrjsl-filmed paint a* 
ples, The ratios of t h e  initial activities of industrfal-filmed samples 
t o  the inltid activities of clean eamples, computed from the data of 
Tables 8.8 and 8.9 are 7.5 and 2.0, respectively. 
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IF: N A V Y  GRhY PAINT SbF.IPtES COITED WlTH INDUSTRIAL FILM 
C ,  CLEAN HPJY ERAY P41NT SLIMP-ES 
A l  CLEAN A L C L A 2  ALUMINUM SIMPLES. [MOT lN FOCUS AS THEY 

WERE T H I Y N E P  T M l y  THE PAINT S4hlPtES.) 



TABLE 8.8 

Decontamhation of Clean and Soiled Navy Gray Paint Samples 
m s e d  (Station l3) 

(a) Two samples were used in each q m h e n t .  

@) A l l  activities were corrected t o  L1 Dee 1951. 

Ma (EDTA) indicates tetrasod5w.m ethylmediaminet etraacetate . 4 
Na5P3%0 deslgmt es sodium tripolgphosphat e . 

J 

Ikcontami- 
nating 
Agent 

Type 
of 

wmp'eQ' 

Average 
Initial 

Activity 
(c/m X 10*3)@1 

~ a ,  @DTA)(') Qean 1.08 
1.16 
1.12 
1.48 
0.76 

0.73 
0.98 
0.86 
0.87 
0,55 
0.71 --- 
2,60 
5.03 
3.82 
7.35 

12.6 
0.98 
0.37 
1.02 
0.70 
0.70 
0.52 
0.81 
0.81 
1.17 
0.99 
1.04 
0.59 
0.82 

0.92 
1.40 

1.16 
1.52 
1.59 
1.58 

Water 
Water 

Water 
Water 

Tide 
Tide 

Tide 
Tide 

NasPsOl 
Na5p3010 

Ha5P3010 
Na5P~Q10 

Activiry #fter llecmuminarim 

0.37 
0.53 
0.45 
0.78 
0.49 
0.64 
2.13 
4.68 
3.41 
0.04 
10.8 
8.42 
0.31 
0.88 
0.60 
0.63 
0.38 
0.48 
0.71 
1.07 
0.89 
0.69 
0.51 
0.60 

0.68 
1.26 
0.97 
1.02 
1.09 
1.06 

Far 1 min 

&'kt0 
Clean 

SoFIed 
Soiled 

Clean 
Clean 

Soiled 
Soiled 

Clean 
Clean 

Soiled 
soi led 

(dm x 10'~) 
Fox 6 min 

57.7 
40.0 

AY 49.2 
SOB 
346 

Av 328 
54.4 
39.5 

Av 47.0 
310 
403 

Av 357 
56.1 
39.0 

Av 41.6 
307 

467 
Av 387 

Duponol C 

Duprmol C 

Dnponol C 
Duponal C 

Fm 20 min 

1.14 
3.12 
3.28 
4.19 
9.23 

14.3 
11.8 
0.68 
1.13 
0.90 
1-09 
1-00 
1.05 
1.11 
1.28 
1.20 
2.17 
0.79 
1.48 - ,  

49.7 
38.2 

Av 44.0 
328 
342 

Av 335 

Clean 
Clean 

&ibd 
hiled 

1.19 
1.58 
1.39 
2.29 
2.68 
2.49 



lhcmtamlnation of Clean and Soi led Navy Gray Paint Samples 
(Station 10) 

T*o semplaa were used in each experiment. 

Decontsminathg 
Agmt 

N ~ ~ ( D T A )  (c) 
I p a 4 ( ~ )  
Water 
water 
Tide 

Tide (dl 
.Na5P3% 
Ha5p3010 
Duponol. C 
Dupun~l C 

(b) U ac th i t i e s  rere corrected t o  U Dec 1951. 

Data far comparison of the d e c o n t d a t i o n  characterbtiea of 
clean and indastrial-filmed aamplee exposed a t  Stations l3 and 10, are pro- 
vided 3m theae tables. The values listed p e d t  the fol lowing interprets- 
tiona : 

T s ~ e  
of 

samples(a) 

~1- 
soiled 
Clem 
Soiled 
Clean 
Soiled 
Clean 
Soiled 
Clean 
Soiled 

1. Decontamination nae rapid for both clean and hrhxatrial- 
fUmed samples; most radiaactiuity #a8 removed by the 1 4  treatment as 
ahown in Fig. 8.17. 

2. After decontamhatfon by water washing, industrial- 
filmed aamples were more radioactive than clean samples. 

Average 
Inlt ial 
Act ivit 

(c/m x 10-5) (b) 

zo& 
323 
130 
318 
155 

3. The use of chemical additives was a4rmtageous In the de- 
contamination test esnployed, The increased decontamination attained with 
c b d c a l  additlses in d b t j l l e d  water ui th  clean and aoUed  Naoy grap 
paint is s h m  numerically b Table 8.10 by the ratios comparing t h e  1- 
decontamination by water to the 1-mb decontamhation by &dative.  

4. Concerning clean and industrial-filmed samples that had 
been decontaminated 15th the same additive, t h e  hhstrM-f ilmed samples 
(in sptte of t h e k  greater initial activity) were less radioactive than 
or approxhately as radioactive as the clean samples, 

Act M t y  after Decontamination 
I C / ~  x 10-3 ) 

For 1 min 

2.36 
0.69 
7 A 5  

27.4 
1.65 
0.66 

331 1 2 . l Z  170 
3L8 0.60 

For 6 min 

1.85 
0.52 
6.53 
15.8 
0.P1 
0.43 
1.71 
0.k6 
3.02 
2-12 

211 
349 

For 20 min 

1.29 
0.46 
6.16 

Ueb 
0.78 
0.34 
1.67 
0.40 
2.82 
2.08 

3.78 
4.a 



Fig. 8.17 hturadiagapb of Clem und 90FZsd Ravy Gray  PaCnt Ssmples 
before rvld after Decontamhatiorl 



TABU3 8.10 

Oneabut e Dec ont adnat ion  of Navy Gray Paint 

Two s~mples were used in each detemhation.  

'I 

Activity Remaining after 1-min Decontamination by Water 
Actixiry Remaining after I-mln Decontamination by Additive 

Decontarnhtion Decontamination 
in Synthetic in Synthetic 

Ib) Four anmples were uaad in each determination, 

f)ecQIIfamln.atlng 
Agent 

'') A* (=A) indicates t etrasodium ethylenediamiodetraacetate; 
lagP3010 dea -t es sodium triplyphosphste. 

5.  Water did  not visibly ramove industrjsl f Un, whereas 
Duponol G partially removed it; tetrasodium ethylene-etetraacetate, 
Tide, and erodium tripolyphosphate seemed t o  completely remove the film. 
Apparently, the rmoval of the industrial film results jn decontamination. 

CcmprSsons were made of the activities on surfaces f a c h g  
towardm md facing away fram ground sero. Results were quite random, 
leading t o  the conclusion that no s f m i c a n t  portion of the c o n t d a n t  
approached the samples with a horizontal motion in one direction. A 
s i d k  Merence was made h the.study of Sec. 8.4.1. 

T)econtamination in Distilled 
Water at 25% 

Sponge decontamination effected a greater percentage dscon- 
tadnation of horizontal sarfacss than of vertical surfaces, This is 
true except in the cafle of ghss, where no comparison may be made, as 
decontwuhation was essentially 100 per cent. 

Sea Water 
at  25OC 

from 
Station 

For the mat part, the greater sponge decontdnabi l i ty  
of horizontal rmrfaces was due to (1) the large activity &posits on the 
horizontal emf aces, aa compared to the vertical surfaces, and (2) the 

Sea Water 
at 15OC 

Clean 
from 

Station 
13(a) 

Qean 
Samples 

from 
~tatian 

10 
11 

8 
4.1 

N ~ ~ T A ) ( E )  
Tlde 
U I ~ P ~ O ~ $ C )  
DapnoI C 
&ti-35 

1.2 
2.5 
2.3 
1.7 

3.9 

Clean 
Samples 

from 
station 

ldb) 

Indusuial- 
filmed Sam- 

ples from 
station 

1da1 

1. i3 
2.5 
3.0 
1 , O  

2.1 

fndusuial- 
filmed Sam- 
ples from 

Station 
13@) 

3.3 
4.8 
3.1 
2.1 

-. - - 

3.7 
4.7 
3.5 
3.0 

40 
42 
46 

6.8 



Security lnfwmatipa 

ti 
manner in e i c h  the large contaminant deposits: rested on the horhontal k; 
anrfaces, A largs fraction af the hordzonhal contadnation consisted of ;I 

loosely held matter, aome of which dkd not even touch the surface. In ,. I 
decontamination, the sponge made i n t h t e  contact under water, with the 51 

2: 

surface, imd easily removed these loose layers of contadmation, $1 
!I 
ti 

Wet sponge decontslalnation was more effective with &sa !I 
than with the other mbrials. Besulta obtained with dry decontamination 
techniques were s W a r  (cf, Table 8 . ~ ) .  A greater percentage decosl- 
t h a t i o n  w a s  achieved with Navy gray paint expsed in the horizontal 

Yi 
$1 

position than d t h  stabless ateel, anodized a l u m f n ~ m ~  and psint exposed $1 
7l 

in the vertical. position, As explained above, thia high dacontamhability 
is felt to be a function of the large initial contamhation of the paint. 

&i 
TABU 0.U E; 

il 
Wet and Dry I)econtaminatim of Four Materials t ! 

I! 
$1 

Aver8ge pi Position Average -, Number Utf il L, 

during and of C o n t ~ t i o n  !I 
cont ami- !lateria after Con- nation Rmainhg *1 

~ ~ ~ J I ~ ~ A O L I  ( 4 (per cant) ei - 
sl 

SPONGE  ONT TAU IN AT ION 
Navy Gray Horhmta3. 27 107 0.8 

P a i n t  Vertical 26 4.2 3.h 

Stainless 
Steel 

. 

Stainless 
' Steel 



8.4.5 Contet ion-decontaminatiw Behavior of Selected 
Commercially A~ai lab la  Material8 

The data of t h i a  study were h e d  to determine the eon- 
M a t i o n  and decontamination characteristic s of the four expehenta l  
materlals. Consideration was given t o  both angular ortentation of  the 
materials at  the tjmte of t h e  contaminating event and to their position 
w i t h  respect to surface zero. 

Each exposure station received -ring gross amounts of . 

contamination. Therefore, to compare contamhation of materials at dif- 
ferent stattons, t h e  total activity of all the samples on each plate 
waer normalized. 

The same order of material contadnation was found with 
horizontal and with mrtical plates; the sequence, in order of increas- 
ing contamination, m a s  stah less  steel., anodized aluminum, glass, and 
Navy gray paint, However, the vallcilty of the contamination sequence is 
doubtful due ta the s& contamination differences observed. M y  Navy 
gray p i n t  ahowed an appreciable difference in contamination; th ia  was 
trvs with both horizontal and ~ertical positions. As shown in Fig. g.18 
no fixed ratio of hodmntal to vertical a c t i d t y  was found. Figure 6.18 
does indicate (as does the work of Set. 8.4.1) that ,  alraost without excep- 
tlon, hodzontal &aces were more: highly eontamhated than a4jacant ver- 
t i c a l  surfaces. It appears that as the gross amount of contamination 
increaass, the ratio of activlty on the horlsontal. t o  the activity on the 
vertical a lso  Zncreases. 

Although a gmater percentaue decontamination rrss a c e ~ ~ s h e d  
with horizontal stuplee, a greater msidua2 contamination was present on 
these samples. With the materials, Navy gray pafnt, stainless steel, and 
anoared aluminum, the horizontal, reaidual contamhation exceeded t h e  ver- 
tical sesidual contamination by factors of appmdmately ah. ,  sewn, and 
eight* 

Drg brushing was not as effectim in decontflmination as t h e  
wet sponge technique. However, there  were certain sb l lar i t i sa  in results 
obtained by the two decontamination methods, Both methods left a smaller 
percentage residual a c t i d t y  on glass than on the other materials. Hn both 
pmcedures, the percentage decontamination of the horizontal Navy gray paint 
m a  better than the percentage decontamhtion obtainable on s t a b l e s s  steel, 
aaodieed aluminu~, md Navy .gray paht  nxpossd In the vertical position, 
Note the large initial contamination of the horizontal Navy gray paint. A 
difference between methods is esen in the fact that wikh d r ~ ~  techniques the 
horizontal surfacse, except in t h e  case of the paint, did not decantaminate 
better than the  vertical surfaces. 



Fig. 8*18 Compssiootl sf Horiaorrtal t o  Pert leal Surface Cmtemtmtioa 
Eatloo for Beleated Materiala 



8.4,6 f n v e s t i ~ a t i o n ~ I S a c o n t ~ t l o n  Agents 

Dacuntamination, by the immersion and stirring technique 
of (1) clean Navy gray paint d t h  fresh water additive solutions, and 
(2) clean Wavy wag pajnt and clean Alclad aluminum with synthetic sea 
-ex additive solutions, indicated that most of the Operation JANGLE 
eontadnant waa removed in one minute. From counting data on these sam- 
ples calculations of the rat io of 1-min decontamination by water ( s a l t  
OF fresh) t o  the 1-min decontamination lrltb aa addftive (in s a l t  or fmsh 
water) were made, 'Fheae ratioa are sunmarlzed in Tables 8.10 and 8.12. 
A ra t io  greater than unity indicatee the extent to wMch mtsr leavea a 
greater amount of activbtg on samples compared t o  an additkm. 

Decontami- 
natinrr 

Two smplee w e n  used in each detednation. 

~ ~ e n t -  

N ~ ~ ( E W A )  (b) 

(b) ~ ( E D T A )  indicates tetrasodium etblene-etetracetate; 
Na5P3Ql0 d a s i p t  es ~odfum trfL~kJrphos~ate. 

Acti#5ty anmninin~ after 3 4  Decontamination by Water 
hct lv i ty  Bamaining af%er 1-mFn Decontanination by Additive 

Attss the f h t  minutlute of decontamination, repeated decon- 
tnmination wlth the same fresh or e a l t  water decant-t did not matsri- 
all$ decrease the amount of contadnation, 

Ducontmhation in 
Synthetic Se a Per at 25'~ a 

0.8 

It m a  determined that the ~tructusal orientation of a surface did 
Influence surface contadnabillty t o  va-g degrees. It was obsemed 
that the mount of contaminant deposited on horizontal. ~urfaces was fre- 
quently greater than the %mount deposited on non-horizontal surfaces. 

Decontamination in 
Synthetic Se 

at 750C a a Yter 
0.4 



Mfferences of a factor of 30 to  40 were noted. This iafomatfon is con- 
aidered t o  be impodant with regard to military constmctlon for ra- 
logical defense, 

While vertical surfaces retained a ~ d e r  average particle: s h e  
than either horizontal or inclined aurfaces, the differences between the 
average s i z e  af particles retained at any af the orientations was not 
great, 

No f b n  conclusions could be &awn with regard to the mLatfonship 
between surface raughness and c o n ~ b k l i t y ,  Surface roughness did 
have a decided effect on dscontadmbflity. Dewntnminability varied by 
factora of 6 t o  10 (residual activity), the rough aurfaces retaining mnra 
contadnation thgn the smooth. Soft surfacea were more con-able than 
hard surfaces [factors of 1.5 to 10) and retained 2 to 3 times more a c t i p  
ity, after decontamination, than hard surfaces. 

Delfberately sailed surfaces were more eonhdnable than clean 
facea by factor8 of 2 t o  7.5, bat decontaminated a8 wel l  aa or better 
than clean surfaces. 

Navy gray paint was found t o  be from 1.5 t o  12 tfmes mre contami- 
mble than bare aluminum, chmd1Lrn-nickel steel, md sass . . A l l  of these 
materhd~ were decontaarinated r e a m .  

The e h d c a l  add3tivea used in the imme~sion bclmiqtes for &con- 
bmhation p m s d  to be advantageous, particularly in treat- the soUed 
surfaces * 



TEST OF u- -- 
Gerald M t h  

This report describes an inwstigation of the possible relation- 
ahlps between the radiolo&cal contaminatio~decontamination c h a r a e t e ~  
istfcs of materials fn common militarg uae and the physical propertiee 
of their surfaces. The sample materials (prepamd by the U. S. 
C h d c a l  Center, field Forces, Corps of a - e e ~ s ,  and Signal COWS) 
were exposed, horizontally, to the solid particulate fall-out f r o m  t h e  
Underground Shot. 

gHslp~5.s  of the data obtained led t o  the conclusion that surface 
roughne~s, porosity, and contact angle were of practical importance in 
edaat3ag  the contamination-decontdnation characteristics of mate* 
i d s  with respect t o  drJT, sol id particulate contamhation. It was 
noted t b k  the magnitude of the effects of these parameters may vary 
w i t h  soil type and condftion. M t a d  hvestigation of thI8 variabi- 
l i t y  is mconu~wnded, and d m e r i v e  study of elrrface parameters wlth 
respect t o  wet aeroeola i s  deemed addsable. 

The t e s t s  conducted had the follarring objectives: 

1. To determine the validity of results obtained in andogous 
tests at Operation GREERHQUSE. 

2. To establish the merits of roughness, porosity, contact angle, 
and surface reactivity as criteria for determining the be- 
havior of surfaces exposed to mdiologlcal contamination. 

3. To measura, evaluate, and compam the surface contamination 
resultjag f r o m  a surface burst and an undergmund burst. 

4. To compare the contamhation characterietics of various woad 
surfaces. 

5, To assess the ~ ~ n t d ~ t i ~ ~ - d e ~ ~ n t u t i d n  characteristics 
of materials submitted by the Corps of Jhgbeers, the Army 
F i e l d  Forces, and the Signal Corpb. 



For the Surface Shot, a l l  test materials aere exposed at a single 
station nhfch, unfortunately, did not l i e  wLthh the fall-out area, For 
the Underground Shot, the  test materials were distributed among 7 stations 
proupad around ground zero as ahom in F5g. 9.1. The dbtribution was 
made in such a way that regardless of varhtton from the anticipated fa l l -  
out pattern, a sufficient number of samples of each materm would be con- 
taminated t o  provide an adequate base for statistical analysis. 

A U  t e s t  surfacea, w i t h  two exceptions, were ll-by-U-h. squares. 
The Army Fie ld  Forces submitted lbby-10-in, aamples, and the mfacea  
used t o  t e s t  the effects of the chemical properties of matmi~ls on their 
c o n t h t i o n - d e c o n t h a t i o n  behador (hereinafter called Ghdstry  
Panels) aere cut as circles 3.4 to 4 in. in diameter, 

AU. t e s t  materids were mounted with Plfobond on 1-ft-sq r ig id  metal 
panels, The panels were l a i d  horizontally on latticework plstforms 2 to 
5 ft above the pound at each station, as shorn in Fig, 9,2. 

Each test surface, with thB exception of the wood series, represented 
a combination of one of three grades of surface roughness, porosity, and 
contact a-e, and one of two grades of retentivity, 

Roughness grades of law, medium, end high w e r e  d e t e d e d  by visual 
inspection in all but the C h d s t r y  Panels  on which roughness was measured 
with a profllometer. 

Porosity grades of lm, mediumI and high were d e t e d e d  from the 
amaunt of water rmabing on a test surface after evacuation of the en- 
Ixapped air from the pores, 

Contact angles of l o w ,  medium, and high were determined by optical 
rneaawement of the angle aubtended by a drop of d i s t m e d  water at  the 
junction of t h e  air-water interface and the surface of the t e s t  matera. 

The retentivity or nanretentivity of the test surfaces was estab- 
l i shed from measurements of the fluorescent h t e n a i t y  of a dye adso*ad 
an the surface.1 

Details on the araterials used in the six different types- of panels 
are provided below. 

9.3.1 GRlBNHOUSEtype Panels 

These panels, as the name impUea, were prepared to resmble 
as closely as possible the panels used in a sltmilar test at Operation 
GREENHOUSE. The materids used in theae panels a r e  described in Table 9.1. 

1 National Bursan of Standards Report ( t o  be published). 
Operation GREENHOUSE Beport, Project 6.7 ( t o  be published). 
National b e a u  of S t a n k d s  Report, No. 6~-103. 

LW 



Fig. 9.1 Station Layout -A, Panel Metrfbutlon fo r the Un&ergroqul,b S h  t 
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Fig* 9.2 Tgpical Exposure Platform 
w i t h  Panela k t e d  

Each sat of Chemistry Panels included 5 amplea each of 
, p o l p t ~ e n e ,  and staFnless steel, and 2 a w 1 e s  of porcelain, enamel 

Bbirawal) , The samples in each set exhibited three grades of mu,&mess PBS 
md two g a d e a  of porosity. These surfaces were tasted in order to deter- 
mine the relative effects of physim1 surface proprt iea  and the chamical 
canpait ion of matarlala on their contdt ion-decontsminat ion  behavior. 

The wood pen& mere prepared from bare gellorn pine, maple, 
baamood, snd oak* The selection of wwds fncluded soft, h a d ,  resinous, 
and non-resinmu characterjstiee. The wood study aasr undartaEcm an a 
check on the results of tests on these materials during Operation GREEN- 
HOUSE. 

9.3.4 Car- of En ineers JCF], Amv F i e l d  Forces WF], and 
Corps IT=-- SC Pmeb 

These panels, hereinafter ref emed ta as CE, AFF and SC Panela 
respectively, were made up of representative samples of buil&g materiala 



and coatings submitted by the three sedces, The raterials used 3n the 
CE and AFF Panels me described in Tables 9.2 and 9.3. AZL SC Panels con- 
sisted af OD paint, per Amny Spec. 3-174, Semi-aoss f in i sh ,  over a primer 
cozt per AN-P-656 Spec. 

Tile No, 503 

TARLE 9.2 

Corps of mgheers Panel kterials 

Code Bdarking 

2-L 

%2 

%.3 

- - - 

Description of Material 
- - -- - - -  

=re-retankat p h t .  Two coats of W20 prepared by V i t a  Var 
Corporgtion, Newark, N. J., under a research contract wtth ERDL, 

Epichlor- resin paint, Two coats of Deman No, I9925 
pieented  similar to TT-U&b, prepared by Devoe Reynolds Com- 
pany. Panels baked 3Q min at 250 F, 

V h y l - t y p e  paint system. h e  coat  Amemoat 23 prime coat; two 
coats hercoat 23 body coat; two coats Amercoat 23 seal coat. 



Security Infanation 

TABLE 9.2 (Continued) 

Corps of &@.neers Panel Materials . 

J 

Code Marking Description of Hater ia l  

s 4  1 AD@-type p&t system. the coat wash primer Ul- P-15328; 
one coat primer TT-E@35b; one coat lusterless enamel 3-173. 

s 5  PhenoUc-type paint system, me coat waah primer Mil-P-15328; 
one coak phenol9c pmer 3-193, Tgpe 1; one coat lusterless 
enamel 3-194. 

&6 

E-7 

l%8 

E-9 

%lo 

Sll 

&I2 

E-13 

E-U 

E-16 

Er17 

SI-8 
' 

&I? 

S20 

bisture-vaporproof barrier, conforming to Spec. Ul-B-131A. 

Ethyl. cellulose f i l m ,  conformfng to Spec* El-P-U9, Type I. 

Acetate b u t p t e ,  c o n f o h g  t o  Spec. Mil-P-l49, Type If, 

Cocoon, conforming t o  Spec, U-C-3254. 

P-3, conforming t o  Spec. Mil-C-6708. 

Dipcoat seal, conforming t o  Spec, JAN-P-U5. 

8-055 cotton duck coated with 0.012 fn. natural. (GI) rubber. 

8-oz cotton duck coated ~ 5 t h  0.008 in. Neoprene (€N) rubber, 

8-oz cotton duck coated with 0.016 in, butyl rubber. 

8-0s e o t t m  duck coated with 0.016 h. standard GRS rubber. 

Polyester resin and Polystyrene Larninata bonded to a glass- 
f iber  mat. Ztfie laminate was produced by Allled Synthetics 
Company, San Piego, C W .  

Three layers of H-643 polyester bonded &gas-fiber mat lam- 
inated with a polyester resh, The resin is A t l a s  G393.  

Cast aheet of MU8V containffig 25 per cent calcium carbonate. 
The resh is produced by Urco Chendcal Company, Sewamn, N. J. 

V i n y l  chloride polymer plastisol XC230, produced by  stone^ 
Mudge, fnc. 

Hethy1 methacrylate, manufactured by Rohm and Hass. 



Sect~r~ty information 

T A B U  9.3 

Arnrg Fie ld  Forces Panel Uterials 

L 'I 

Panel kter ia l  and Panel. Material and 
No. Surface Finish No, Surface Finish 

-"- 

Steel, cold rolled, auto. Steel, cold rolled, auto. 
Grade 1, per JAN-C-490 Grarie I, per JAN-C-491) 

F-1 Primer, perFed, TT-P-636 F-5 Primer,perFed. TT-P-636 
Semi-Gloss, OD Grade I, Wrinkle, OD -el, Type I 
Class A, per Army 3-174 or 11, per A r q  3-1138 

Steel,  cold rolled, auto. U d n u m ,  lllloy- W T  
Grade 1, per JAN-6-490 Annodized, per AN-QQ-A-696 

F-2 Primer, per Fed. TT-F-636 F-6 frjmer, per MLtP-6889 
Semi-Gloss , . OD Grade I, Semi-Gloss, OD mmel, 
Class 8, per Amy 3-174 Grade I, Class B, per 

Army Spec. 3-174 

Steel, cold rolled, auto. Magnesium Alloy - FS 
Grade I, per JAN-C-470 Type 111 treatment, per AN- 

F-3 Primer per Fed, TT-P-636 F-7 M-12, Primer, perMILrP-6889, 
Gloss, OD Ewmel, Class A, S d - G l o a s ,  OD -el, 
per Fed. Spec, TT-5489 Grade I, Class B, per 

Spec. 3-174 

Steel, cold rolled, auto. Magnesium U o y  - l! 
Grade 1, per JAN-C-490 Type 11 treatment, per AN- 

F-4 Primer, per Fed. TT-P-636 F-8 K-12, Primer, perMILrP-6889, 
Gloss, OD &amel, Class B, S d - G l o a s ,  OD =amel, 
per Fed. Spec, TT-5489 Grade I, Chss B, per A m y  

Spec. 3-174 

9.3.5 Panel Recovam & 'Ilnvesti~ations a t  the Site 

The panels at Stat ion Nos. 2, 1+, and 6 were recovered 1 day 
after the Underground Shot; those at Station No. 1 were recovered 2 days 
after the Shot. Station Nos. 3, 5 ,  and '7 Lay outside the fall-out area, 
as shown in FA&. 9.1. 

The contaminated panels were placed horizontally on indi- 
v i d d  shelves in wooden boxes and transported to R ahielded storage area 
near the base camp laboratory. Before processing, the panels were hver ted  
over a collecting can to remove m y  very loosely held contamination which 
would have presented a serious hazard to t h e  Laboratory facilities, 



Actidty counts were made on dl panels, using a scintiUa- 
tion counter. Each panel mas then vacuumed, ushg  a Spencer fnduatrial 
vacuum cleaner fitted with a 15-in. sweeper head. Two passes in opposite 
direction8 were nade acmes each panel, The panels were recounted, and 
mpmaentatit~e samples we- photographed and aut oradiographed. 

9.3.6 Investigatfiona at  Arnpr Cheralcd Center IAGC~ 

The paneb fmm Stationa 4 and 6 were flown t o  ACC on the 
fourth day, and the panels from Stations 3 and 2 on the ninth day after 
the Undergmund Shot, 

Processing and investigation were undertaken in two distinct 
phases. In the first phase, an actirrity count uaa made on each panel. 
B c h  panel was then subjected to 2 passes by either a lret brushing machine 
or a sprayhg machine ap103dmg various decontamination solutions, The 
panela loere then mcountsd, 

fn the second phaae the panels were sprayed and ecrubbed by 
machhe and by hand unt i l  each had reached a conatant radlatim Level. 
A final act idty  count and autoradiographs mere made, and contaminant pen- 
etration was ~ t u d i e d  with the aid of a microtame. 

The data obtained were corrected f o r  decay, background, coin- 
cidence (where necessary), and instrument variations. Data obtained at  the 
t e s t  site were corrected 50 the common base of U + 30 hr, w e ACC data 
were corrected to the commwn base of V + 120 hr uslng t he  ty2 decay c m .  

The site and ACC data w e r e  analyzed separately, the followhg 
atatistical techniques baing used for evaluation: 

. GREENHOUSE-type panels by ana3ysia of variance for a ran- 
domized block. 

2. Ch stry panels by the Sign Test ,  and by Snedecorfs Vn "3 Test, when appllcabls. 

3. h U  other panels by Bank Cormlation and combhations of 
the technique8 mentioned under f ootnotr 2.4 

Kenney and Keeping, Yathematica of Statistics,9. Van Noatrand. 

3 ~ x o n  and ilassey, Btatisticd *~dy+sis, l l ~ ~ r a r  HFU. 

Johnson, Seatistical Methode in B.8-h, Pnntic.-Hall. 

Security lnfomrati$t .,,, 



9.4 RESULTS DISCUSS1 ON 

L i s t e d  belaw are the station numbers and general ganane f i e l d  inten- 
sities of the  four contaminated stations at the times the panels were re- 
covered. 

Station No. I n t  ens itx Time (days) 

The data, analyafs, and discussion for each of the  six types of 
panels exposed are grouped under individual heedings below. 

9.4 .I GREENHOUSE-type Panels 

Site  and ACC data on the CdXFJWOUSPstype Panels are presented 
In Table 9.4. The andpis and comparison of these data with the Operation 
GElEENHOUSE results are given in Tables 9.5 and 9.6,  The results of the 
statistical analyses were normalized t o  unity to make the trends more read- 
i l y  discernible, A study of these tables jndicatsd the following: 

1. Roughness generally showed strong trends of high statis- 
tical re l i ab i l i t y ,  Contamination and resistance t o  decontamination increased 
with surf ace roughness. 

2,  Porosity showed trends of variable and generally low 
~ t a t i s t i c a l  relkbl l i ty ,  These trends were not as clear-cut as those for 
roughness, and tended to be noncontinuous. Nevertheless, it appeared that 
contaminability and resistance to decontamination increased with porosity. 

3. Contact angles gave stat5 stically signsicant trends, 
Surf aces having low contact angles ( h Y h p h i l i c  surf aces) retained more 
contadnation,  and decontaminated l e s s  readily than those with high con- 
tact angles. 

4. Dye retentivity gave trends of fair rel iabfi i ty but 
modest propertions, Retentive surfaces decontaminated less readily than 
nometentire surfaces. 

These results show that smooth, nonporoizs, hydrophobic, and 
nonretentive surfaces were easier to decontaminate t h a n  surfaces with the 
opposite properties. These parameters, with the exception of dye reten- 
tivity, gave trends of considerable proportions, and consequently merit 
consideration in radiological contnminnt ion-dec ont aminat ion problems. 



TABU 9.4 
GREENHOUSE-type Panels, Site  and ACC Data 
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- 
Wuritv Information 

Stat i s t ica l  Analysis, CLREENHOUSEtype Panels 

'"I Robability Level. 

(b) Very significant for M e w  < High and low < High, but not for Lopr >. Medium. 

('I Significant for High > Medium and High > Lon, but not for Medium >ha. 

Second Phase Decontdmation of GIEENHOUS-tgpe PaneLs (s-P) 

('I Retentive: 2.M) 
Nonretmtfve: 1,OO 

Medium 

Roughness 1.00 1.u 
pp 

Porosity 1,1O L e o 0  

Contact Angle 4.56 1,OO 

Hie;h 

2.71 

2.93 

1.57 



In comparing Qperation JANGLE results with Operation GFfXEN- 
HOUSE results, it was noted that, with t h e  exception of contact angle, 
qualitative agreement existed. However, since t h e  contact angle t rends 
for Operation GREJDJHOUSE were not statistically significant, no impor- 
tance was attached t c this slight divergence. 

Operation JANGLE trends for t h e  surface paraiiters were 
generally much more pronounced than those for Operation GREENHOUSE. This 
may Indicate that the magnituda of surface parameter trends is variable 
f o r  different  tppes of contaminating events. ( A t  Operation GRFIEWOUSE, 
t h e  panels were expsed on the wings of drone aircraft flown through the 
cloud produced by a tower ahot.) The agreement in t h e  results of the two 
operations, despite the difference in t h e  type of contaminating event, 
not only strengthens their reliability, but may inuicate that the find- 
h g s  are generally applicable ta contaminatkg events hvolving relatively 
dry aerosols. 

S i te  and ACC data on the Chemistry Panels are presented in 
Tables 9.7 and 9.8. The results of the statisticzl analysis of these 
data are given in Tabla 9.9. A study of these tables indicated t h e  fol- 
loKhg: 

1. No significant or consistent ~ r i a t i o n s  were noted for 
s-r surfaces prepared from the four chemically unlike materials. 
These findings are not conclusive, but seen to indicate that the contam- 
inabixity-decontaminabUty of these materials were not sensitive ta  the ir  
c bemical diff e m c e e .  

2. Roughness showed signHicant trend8 similar to those 
obtained f r o m  t h e  GHBNHOUSEtype h e l s .  

3. Pomsity tmda for site data and the first phase of 
decontamination at ACC were gener- not simficant, but where statis- 
tical significance was indicated, the t m d s  agreed with those noted for. 
the GI1EENHOUSE-type Panels. Second phase decontamination, however, brought 
to l ight  strong pornsit trends indicating that coarse-pomd surfaces 
(ma~dmum pore size 40 p 'i were m o r e  difficult to decontaminate than fine- 
pored surfaces ( m u m  pore size 5 p), 

In general, the results from the Chemistry Panels inldfcated 
that the differences in their chemical composition, hsafar as they did 
not affect their pbs5cd surface properties, had l i t t l e  or no effect, on 
the contaminabillrty-decontamknabUtf of the mater5d.s. 



TABLE 9.7 

Roughness Study, Chemistry Panels 

(a' Materas at Stations Noa. 4 and 6 vacuumed. 

Material and 
Contamination Station No. 4 Sration No. 6 

(b' Werials at Station No. 4 sprayed with rater. 
bterials at Station No. 6 brushed with 1 per cent  Versene solution. 

152 

Glass 
Initial 
Residual 
70 Residual 

Polystyrene 
Initial 
Residual 

% Residual 

Steel 
Initial 
Residual 
$ Residual 

Misawal 
Initial 
Residual 
$ Residual 

SITE DATA@) 

ACC DATA@) 

13,140 
11,144 

84.8 

31,392 
16,745 
53.3 

27,067 

9,088 
33.6 

9,269 
6,724 

72,5 

46,642 
33,075 
70.9 

88,573 
61,197 
69.1 

88,802 

65,473 
73.7 

p--ppL--- 

69,485 
49,270 

70.9 

28,170 

22,350 
79.3 

84,025 
49,972 
59.5 

99,329 

51,983 
52.3 

95,386 
58,664 

6 5 . 5  

20.876 
767 
3.7 

24.687 
895 

3.6 

21.609 
1.388 

5.0 

29,795 
553 
1.9 

88,441 
68. 163 
77.1 

_ _ _ _ - - -  

91,300 

62,652 
6 8 . 6  

106,595 
69,211 

64.9 

97,194 
69,252 
71.2 

15,544 
648 

4.2 --- 
26,314 

228 

0.9 

26,866 
990 

3 . 7  

16,270 
440 
2.7 

GIa 8s 

Initial 
Residual 
% Residual 

Polystyrene 
Initial 
Residual 
% Residual 

Steel 
Initial 
Residual 
% Residual 

Mirawal 
Initial 
Residual 
%Residual 

28,121 

19,187 
68.2 

16.950 
15.111 
89.2 

No data 
20,695 

15,299 
12,382 

8 0 . 9  

25,186 
18,430 
73.2 

25,564 
19, 945 
88. 0 

30,584 

21,642 
70. 8 

No data 

23,588 
- 

35,096 
855 

2.4 
ppp 

66,497 
1,094 
1.6 

a, 362 
2,178 

3.4 

87,670 
1,820 
2.1 

12,695 
80 

0.6 

17,974 
105 
0.6 

6,825 
256 
3.8 

8,767 
335 
3.8 

110,388 
2,270 
2.1 

84,324 
2,740 

3.2 

95.023 
4.399 

4.6 

123,384 
2.385 
1.9 

28,961 
6,397 
22.1 

98,628 
6,400 

6 . 5  

83.987 
2,064 

2 . 5  
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T A m  9.8 
I ( 
m,b 

41 Porosity Study, Chertistry Panels :I ? I  
l i  

(a'l(aterials at Station Nos. 4 and 6 wcuwd.  
(b)kterials at Station No. 4 sprayed with water. 

Materials at Station No, 6 brushed with 1 per cent Versens solution, 

1 

BdaterYial and 
C o n t h a t i o n  
Level (dm) 

Station No, 4 

Fine Pares 1 Coarse Pores 

Station No. 6 
Fine Pores I Coarse Pores , 

S~TE  DATA(^) 
Glass 

h k t  i a l  
Residual 
% Residual 

u , Z g 5  
3,928 
34*8 

17,532 
6,468 
36.9 

----- 

Polystyrene 
Initid. 
Residual 
% Residual 

14,280 
5,257 
36.8 

---- 

22, $84 
5,560 
24-3 

m,3u 
4,595 

22.6 

3 , 527 
1,275 

36.1 

ncc  DATA(^) 

7,439 
2,139 
28.8 

8,063 
2,3@ 
29.1 

5,071 
2,025; 
39.9 

Steel, 
Irritid 
Residual 
% Residual 

Glass 
Inktial 
Reaidual 
% Residual 

Polvst ymne 
~nitial 
Residual 
% Residual 

S t e e l  
Initid 
Residual 
;% Residual 

3,157 
1,895 
60.0 

-- 

5,319 
1,288 
24-2 

n, 979 
3,061 

25.6 

5,520 
918 
16.6 

4,613 
381 
8.3 

4,589 
169 
3.7 

8,666 
1,913 
22.0 

7,167 
552 
7.7 

7,620 
996 

13 1 

P . 1  

1,691 
3u 
18.4 

1,&2 
217 
u.9 

2,690 
198 
7.4 

264 
2, UJk 

EL 5 

1,- 
239 
16.7 

1,265 
91 

7.3 



Sccurtty Information 

Statistical ARaZysis, Chemistry Panels 

Surface Parameter 

9.4.3 Wood Panels 

Site and ACC data for the wood panels are presented in Table 
9.10. Bank a m l p i a  of the site data Failed to show correlation between 
staticms, Rank analysis of the ACG data indicated a verp pronounced trend 
for residual. contamhation, The woods ranked, in order of decreasing ~ s i d -  
~ E t l  contadnation,  basswood, pine, maple and oak (nomdized averages: 
1.84, 1.49# 1.34, and 1.00, respectivelyj. The hard, dense mods deem- 
tamhated more readUy than the soft, porous woods, As noted at Operation 
G-HOUSE, the softer, more porous parts of the wood ( t h e  Ught striations) 
retainera mom contamination than the harder, less porous parts ( the  dark 
a t  riatians ) , 

Wood Panels, Site  and ACC Data 

Per Cent 
Residual 

C o n t h a t  ion 

r 

Residual 
Contamhat ion 

( c/m) 

Mate- 
and 

Station No. 

SITE  DATA^^^ 

Initial 
Cant amination 

(c/m) 

80.3 
75.3 
80.2 

192,504 
216,602 
239 053 

Station No. 1 
P h e  
~ 9 k  
Basswood 

239,726 
287,481 
298,236 



T A 3 U  9.10 (Conthued) 

Wood Panela, Site and ACC Data 

'a )ktar ia l  at a l l  stations ~acuumed. 

7 

kteria l  I n i t i a l  Residual Per Cent 
and Contandnat ion ContamJnatfon Residual 

Station No. (c/m) ( c/m) Contamiraa tion m 
Station No. 1 

Maple 356,952 
-- 

Statfon No. 4 
Pine $5,752 54,437 
Oak 

63.5 
52,881, 25,224 47.7 

Ba~amod 84,479 31,315 37*1 
k p l e  81,051 18,340 22.6 

Station No, 6 
Pine 22,885 16,973 74.2 
Oak 24,241, 12,981 
Basmood 

53.5 
Z,B3 18,078 74.8 

Maple 23,399 10,864 46.4 

Act 

ib)Ststion NO. I. materials brushed nith 1 per cent ~ide solution. 
bxation No, 4 materials dry brushed and vacuumed, 
Station No. 6 matefials brushed with water. 

Station No. 1 
Pfne 
C)ak 
Ba~sr~ood 
Maple 

Station Ma, 4 
Erie 
W 
Easswood 
Mapla 

Station No, 6 
a n e  
Oak 
Bast~ood 
@fie 

191,620 
158,210 

594 
238, $84 

52,537 
33,lQI 
60,400 
31,964 

12,216 
12,380 
9,429 
12,156 

34,059 
25,687 
34,562 
31,874 

13*r76 
7,474 
21,267 
u,m 

2,483 
1,832 
2,426 
1,886 

17.8 
16.2 
28.2 
13.3 

25.0 
23,O 
35.0 
41.0 

20.0 
15.0 
26.0 
16.0 



9 4  Corps Of Enaineers Panels 

S i te  and ACC data on the CE Panels are presented in Table 9.11. 
The results of t h e  analysis of the ACC data are shown in Table 9.U. 
A study of these tables indicated the following: 

1. Concordance analpis- of the site data f a i l e d  to show 
sQpUicant correlation of panel ranks among the four sets for either in- 
itial contamjnatlon, or residual contadnation after vacuudng, 

2. Concordance analysis of the ACC data for rank order 
approached significance for residual contamination, The rank order shown 
3n Table 9.12 d i d  not change significantly after the second phase of decon- 
t h a t i o n .  

3,  fn general, paimted, hard, smooth, and nonporous surfaces 
were easier t o  decontarminate than soft, rubbery, fibrous, and porous sur- 
f aces. 

Site and ACC Data, Corps of Engheers Paneb 

SITE DATA, STATION NO, l(a) SITE DAT'A, STATION NO. da) 
2,108,898 

1,280,399 
458.014 
219,614 

2,068,822 

0-01 
E- 02 
E- 03 
E - a 4  
E- 05 

100.0 
TO. 6 
67.1 
62.3 
91,2 

249,204 
321,311 
409,676 
287,479 
176,855 

273.460 
354,102 
445,369 
315,784 
204,340 

79,6 
81.4 
76.8 
88.8 
81.9 
74.0 
86.8 
- - 
79.3 
39.3 
90.4 
90.8 
57.1 
70.1 
78.6 

91.1 
90. '7 
92.0 
91.0 
86.5 

E- 06 1 8-07 
E- 08 
E-09 
E-10 
E-11 
E-12 
E- 13 
E-14 
E- 15 
E- 16 
E-17 
E- 18 
E- 19 
E-20 

738,803 
135,340 
29Q, 749 
358,024 
392,784 
102,860 
45,206 
90,168 

421,814 
33.471 
303.081 
220.389 

I, 890,928 
311,200 
142.218 

- 

2.089.421 
1 , 8 W ,  912 

682.257 
352,544 

2,127,836 
854,626 
564,64b 
312,212 
364.462 
454,548 
110,628 
67,630 
98, I45 
483,681 
49,273 

327,572 
238,075 

2,258,140 
332 815 
158,837 

86.4 

82.2 
93.1 
98.2 
86.4 
93.0 
66.8 
91.9 
81.2 
67.9 
92.5 
92.6 
83.7 
95.3 
89.5 

408,529 
445,131 513*213 1 362,540 
374,460 
396,938 
5 20,093 
384,306 
367,792 

312,674 
298,346 

1.667.369 
1,871,326 
766,953 
367,020 

1,459,855 

287,608 
352,529 
417,867 
2R4,391 
319,440 
No data 
247.922 
298.346 

1,507,576 
1,700, 194 

438,261 
257,230 

1.148, 041 
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TABU 9.U (continued) 

S i t e  and ACC Data, Corps of. Engineers Panels 
L- 

Panel Initial Level Residual Level Per Cent Initial Level ksidual bevel Per Cent 
Number (dm) (c/m> Residual @(cJm) (c Jm) Residual 

ACC DATA, STATION NO. db) ACC DATA, STATTON NO. 2fbl 
-.- 

E-01 172,214 No data - -  1,348,596 5,3W 0.4 
E- 02 210,790 2,653 1.2 827,294 3,072 0.4 
E-03 282,475 539 0.2 35Q, 579 964 0.3 
E-04 249,623 854 0.9 187,322 1,912 1.0 
E-05 154,604 2,162 1.4 240,115 3.555 0.3 
E-06 415,160 54,038 19.0 252,646 32,881 13.0 
E-07 120,881 527 0. 4 284,721 3,233 1.1 
E-08 249,911 3,978 1.6 245,196 9,809 4.0 
E- 09 
E- 10 
E-11 
E-12 
E- 13 
E-14 
E -  15 
E- 16 
E- 17 
E- 18 
E- 19 
E-20 

294,710 
254,882 

- - 
29,852 
48,348 
97,026 
25,830 
192,623 
144,814 
643,855 
211,598 
119,277 

13.499 
3.276 
No data 
3,210 
5 , 2 6 1  
5,939 
4.351 
1.481 
4,144 
1,652 
4,639 
118 

SITE DATA, STATION NO, 

E-01 
E-02 
E- 03 
E-04 
E- 05 
E- 06 
E-07 
E-08 
E- 09 
E-10 
E-ll 
E- 12 
E-13 
E-14 
E-15 
I?- 16 

SITE DATA, STATION N Q  da) 

4.6 
1.3 -- 

10.8 
10.9 
6.1 
16.9 
0.8 
2.9 
0.2 
2.1 
0.1 

29,101 
SO. 908 

14,618 
19,490 
37,935 
39,970 
31.082 
26,968 
26,274 
27,870 
26,37_8 
28,826 
30,513 
- - 
27,396 
24,512 

93,124 
97,284 
99,858 

112,484 
90,509 

121,552 
91,001 

84,539 
90,519 
95.671 
88.768 
96.978 
13, M O  

94,007 
94,341 
T4.089 

313,323 
346,403 
253,170 
276,699 

-- 
182,659 
1011,080 

1, U6,878 
1,269,360 
310,021 
237,594 
714,441 

22,838 
20.568 
l3,121 

1'7,022 
22,923 

30,406 
22,229 
26, 724 
21,855 
24,403 
18.070 

15,989 
13,562 
No data 
17,520 
22,281 

66,639 
62.675 

73.745 

65,854 
65,848 
89,202 
73.605 

68,990 
74,272 
10, 100 

78.5 
66.5 
89.8 
81.3 
60.4 

76.1 
71.5 
99,l 
83.2 
87.6 
68.5 
55.5 
44.4 

- - 
64.0 
90.0 

18,258 
24,314 
16,088 
6.001 
No data 

9,521 
6,568 

26,216 
6,800 

32.439 
24,741 
2,481 

71.6 
64.4 
73.8 
58.5 
72.8 
73.4 
80.9 
$0.9 
82.0 
'73.3 

5.8 
7.0 
6.4 
2.2 -- 
5.2 
6.3 
2.3 
0.5 
10.5 
10.4 
0.4 

52,200 58.8 
40.582 I 41.8 
52,417 I '71.3 
61,332 
21,895 
5'7,589 

65.2 
23.2 
77.7 



Site  and ACC Data, Corps of Engineers Panels 

Per Cent 
Residual 

XU panels at Stations 1, 2, 4, and 6 were vacuumed. 

I ACC DATA, STATION NO, db). ACC DATA, STATION NO. db) 

E-01 99,107 1.757 1.8 22,783 528 2 . 3  
E- 02 99.405 792 0-8 25,826 334 1.3 

E-03 103,083 695 0.7 13,846 187 1.4 
E- 04 100.708 1.045 1.0 13,710 420 3.1 

E- 05 99,510 901 0.9 16.357 739 4.5 

E- 06 112,358 11,241 10.0 25,100 9,683 31.7 
E-07 101,645 303 0.3 18,711 625 3.3 

E-08 112,602 I, 305 1.2 27,712 3,105 11.2 

E-09 107,634 2. 940 2.1  25,022 19,514 88.0 

E- 10 114,254 12,225 10.1 24,691 2,739 11.1 

@' Panels were daeontamiaated as follows: ~t Station Nos. 1 and 6, 
brushed with 1 per cent Tide solution;  at Station KO. 2, sprayed 
wfth waters at Station No. 4, sprayed with 1 per cent Veraene 
solution. 

E - l l  
E- 12 
E-13 
E- 14 
E- 15 
E- 16 
E-17 
E-18 
E-19, 
E-20 

68,000 
56,615 
61,804 
65,950 
35,160 
60,235 
67,489 
93,529 
90,671 
20,382 

25,148 
2.413 
4, 803 
8,409 
1,757 
968 
398 

1.258 
4,063 
193 

37.0 

4.4 
7.4 
12.7 

5.0 
1.4 
1.4 
1.3 
4.5 
0.9 

- - 
13,510 
13,377 

- - 
18,420 

- - 
- - 

14,872 
16,344 
19.025 - 

Surface peeled 
2,943 
4,226 
No data 
2,570 

Surface peeled 
No data 
1,049 
1,616 

77 

- - 
21.8 
31.6 
- 

24.0 
- - 
* - 
7.0 
9.9 
0.4 



Elanking of b t e r l a L s  after F i r s t  Phase Decontadnation, 
Corps of 3hgLneers Panels 

9.4.5 drmy Fie ldbrcea  Panels 
--P 

r 

Residual 
Panel k t e r i d  Cont ambat ion 

Indices 

E-20 Methyl Methacrylate 1.00 
E-03 V-1-type Paint 1.80 
S O 7  Ethyl Cellulose Pfh 2-87 

Site and ACC data For the AFF Panels are presented in Table 
9.u. These panels were so similar in their contm5nation-decontamlnertion 
behavior that statistical analpis f a e d  to ehow any significant =ria- 
tiona. U3. the panels decontaminated readily in the first phase (5.5 per 
cent average residual), and second phase decontambation reduced the count 
on a l l  panela to background, 

E-Oh 
&02 
501 
E-05 
s17 
&16 
&lB 
G 1 5  
E-12 
s o 8  
G19 
Sub 
Sl O  
s u  
S11 
s o 9  
&06 

--type P d n t  
Epicklorhydrfn Resin Paht 
Fire Retardant P a h t  
Phenolic-type Paint 
Polyester Bonded Glass with Resin 
Polyester Resh 
Cast Sheet 
GRS Rubber on Cotton Duck 
Natural Rubber on Cotton Duck 
Acetate Butyrate 
V i n y l  Chloride Plastisol 
Butyl Eubber on Cotton h c k  
P-1 
Neoprene on Cotton Duck 
Dipcoat S e a l  
Cocoon 
Moiature Vaporproof Barrier 

3.16 
16.76 
5-UC 
5 4 "  
7.76 
9.73 

u r 3 3  
13 25 
13-52 
u.31 
16.85 
20.81 
25-63 
26.21 
52. $7 
65 035 
93-82 



Site and ACC Data, Sisal Corps Panels 

:j; 

[i 
1 1  

il ; 
L1 
P 

TAI3IE 9.13 sl 
+! :I 

Site and ACC Data, Army Field  Forces Panels .. i: 
-3, 

5: 

E ! 
>-, . 

-* $1 

3; ,1 
L1 *. 
k ' 
$1 
? i  el  

3 

F 

(a) Panela at Station Nos. 1 and 2 vacuumed. 
@) Panels at Station No, 1 sprayed with ACC agent; at Station No. 2, water. 

9.4.6 Signal_ Corns P a e l s  
*, 

The two seta of three identical  panels submitted by thw 
S i p a l  Corps mere decontaminated readily by a l l  methods Sested as shown 
in Table 9,U. 

Initial Residual 
Stat ion Panel Level Level 
 umber Number (c /m)  (c/m) 

,, 

Station No. 1 
I 

Smtion No. 2 

Pane1 
Number 

Initial Level 

Cc/m) 
SITE DATA@) 

Per Cent 
Residual 

Residual Level Per Cent 

(c/m) Residual 

F- l 
F- 2 
F-3 
F-4 
F- 5 
P-6 
E- 7 
F- 8 

Decmramina tion 

Procedure 

SITE DATA 

I (cJm1 , 

Initial Level 
c/m . 

313,370 
564,544 
294,541 
263,878 
698,585 
246,002 
228,148 
232,148 

Vacuum 
vacuum 
Vacuum 
Vacuum 
Vacuum 
Vacuum 

Residual Level 

ACC DATA@) 

2 
2 
2 
6 
6 
6 

Per Cent 
Residual 

282,600 
577,946 
270,953 
205,039 
645.666 
205,730 
198,788 
175,060 

F- l 
F-2 
E-3 
F-4 
F-5 
F-6 
F-7 
F-8 

431,437 
552.932 
42,242 
20,589 
22,356 
21,121 

41.5 
65.9 
78.6 
67.5 
80.4 

72.1 

C-S-1 
C-S-2 
C-S-3 

C-U-1 
C-U-2 
C-U-3 

90.2 
>loo. 0 

92.0 
80.8 
92.4 
83.6 
ST. 1 
75.4 

249.375 
342,296 
235,164 
181,955 
459,813 
112,588 
166,345 
150,018 

1,039,701 
838,499 
53,754 
30,483 
21.805 
29,299 

771,093 
1,954,780 
1,566,572 
1,328,472 
1,310.860 

229,364 
No data 
1,906,105 

1.831 
847 

1,691 
562 

1.991 
829 

2,052 
I, 214 

704,566 
1,963,975 
1, 076.310 
594,683 
836,706 
145.620 

1,729,322 
1,924,984 

0.7 
0.4 
0.7 
0.3 
0.4  

91.4 
>loo. 0 

68.7 
44.8 
63.8 
63.5 

No data 
>loo. 0 

509,811 
1, 321, 742 

716,549 
397,107 
445,577 

0.5 
1.2 
0.8 

2,840 
3, 055 
k, 112 
1,434 
1,028 

144,634 
1, 057,272 
1,215,380 

0.6  
0 . 2  
0.2 
0.4 
0.2 

2,752 
2,095 
4 , 8 0 8  

1.9 
0 , 2  
0.4 
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Site and ACC Data, Simal Corps Panels 
I 

lnitial Residual 
Station Panel Level Level Per Cent Decontamination 
Number Number (c/m) . . Residual Procedure 

, (dm) 
ACC DATA 

2 C-S-1 278,614 1,271 0.4 Spray (water) 
2 C-S-2 298,179 361 0.1 Spray (USNRDL a ent) 
2 C-S-3 44, 199 163 0.4 Spray (ACC agen!) 
6 C-0-1 24,061 1,711 7.1 Brush (1 per cent ~ide-k~ersend 
6 C- U-2 25,306 2,530 10.0 Brush (USNRDL agent) 
8 C-U-3 25,089 6 32 2.5  - Brush (ACC agent) 

9.4.7 HseeUaneous Obsemtfona 
E, 
8- '  

It was noted, fmm automiiographs made before and after I 
81 

decontamljlation, that scratches, breaks, and other dXsconthuitiea in the .a'l 
'El 

panel. surfaces tended t o  collect and retain more cantambatfon than the ;I unmarred portions. Autoradiographs of the mood panels clearly indicated ?! 

the contaminant distribution mentioned in 9.4.3. 

The penetmtion study made with the aid of a microtome indi- 
cated that most of the contaminant could be removed by a s l i ce  20 dcrons 
deep. It was noted that wet  decontamination methods draw contamination 
deeper i n to  leather samples, but did not affect the nodl samples sim.tlarly. 

9.5 COMCLUSf OMS - AND RIZCWEHDATIONS 

It is concluded that roughness, porosity, contad angle, and dye 
retentivity are pertinent parameters relative t o  radiolagical contamination- 
decontamination. However, the ma&tude of t h e i r  respective effects is 
n d a b l e ,  and determined by She apeeFfic conddtions of the contaminating 
event, 

Of the above-named parameters, only roughness, porosity, and con- 
tact  an& produce effects of such madtude aa to merit practfcal con- 
sideration ( d a t i v e  t o  dry particulate eontamhation, at least) Fn the 
qualitative evaluation of the con t~a t ion-decon tamina t im properties 
of materials. 

Additional extensive t ea ts  on swfacs parameters appear to b justi- 
fied only in relation t o  undemater (harbor) bursts. Howemr, M t e d  
investigations f o r  the purpose of ascerhhlng the effects of different 
s o i l  conditions- on the decontamination effort a r e  deemed advieable. 



DE3COrnAbDJATION 2 rn1-S 

Capt, P. H. Ugh, CE, USA 

This is a report on t h e  investigation of vehicle concamhation 
resulting fPm an atomic bamb detonation at Operation JANGLE, and of the  
vehicle shieldfng effects. The test results m i l l  be applied to the formu- 
Lation of f i e l d  procedures for trebicle decontamination, and they w i l l .  lead 
to the standardization of finishes and undercoatings which d a i d z e  the 
contamhation hazard and/or facilitate decontahation. 

The f i e ld  t es t  was conducted: 

1. To establish the merits of a 80d68 of vehicle rehabutat ion 
pmcsdurea and t o  d e t e h e  the d e c o n ~ t i o n  techniques which are eukt- 
able for troop ass and which can be performed 7lrith equipnent normally 
available in the f i e l d .  

2. To determfne for eaeh d e c o n t h t i o n  procedure the team organ- 
ization and equipment requirements, the associated personnel, hazards, and 
the t h e -  mqdrementa for decontamjmatfng various types of vehicles, 

3 To determine which parts of vehicles are subject to the moat 
Zntense contadnation, and might present a health hazard either t o  the 
vehicle operator or to maintenance personnel, 

4. To axadme the c o n t h t l o n - d e c o n t d t i a n  behador of selec- 
ted vehicle paints, 

5 .  To d e t e d n e  t he  shielding afforded by trucks, W s  and per- 
sonnel carriers mqufred t o  operate through areas contaminated by Iall-aat. 

The tests gsre performed at a vehicle decorrt,amination site 
at  the boundary of Rad Safety Red  onit it or requimd to aecmpany entering 
parties)  and Gmen (~anitar not required) areas of  Operation JANGLE. 



The tes t  equipment used was: 
i l  

1. An B@me.r water p m p  (p/o No. 4 lbgheer set). $1 
ti 

2. A Sellers high preasure jet,  used in combination with c! 
a steam generakr (prototype model). v +I 

3 A q t  Chemleal Corps Apparatus, D e c o n t ~ t i o n ,  Power - - 
Driven, M3A1 (decontmhation tmck) . P 

d 
4 .  V a ~ u u m  cieaner (comerctd mdel, R ~ X ~ I F ) .  - - 
!he deconkdmtlon agents h a t e d  were: 

1. Water, alone. 

2. One per cent aolntlona of Vsraene and of Tide, 

3. W u r e s  of s t e m  and each of' the a h  solutiantr, 

Tbe deawrtaminating p d u r e s  tested were: 

1. &shg and scrubbing of the vehicles wflth water alone 
and with each of the detergent solutima, 

2, Hwfng Prom the Engineer Water h p .  

3. High pmsm hosing *om a Sellers high pressure j e t  
d t h  a mixhrre of ateam, 

4.  High pmasure hosing from the deconttlmination h c k .  

5 ,  bscontam9nat%m of the vehicle caba mlth the vacuum 
cleaner, 

hior to fZle actnal t e a t s  sr serbs of dry m a  was under- 
taken to enahle p e ~ s ~ ~ l l e 3 .  to get acquainted with the equipment and its opera- 
tion. 

Tbe typea of mUdea processed were: 

2. h c k ,  314 ton, 4 W 4 ,  Weapna Carrier. 

3. Truck, 2-1J2 ton, 6 by 6 ,  Cargo, 

4 Tank, Medium, Id-26. 



5 ,  Carrier, Cargo, M-29 (weasel) 

A beta-gama sumey meter, Beclanan Model MX-5, was used 
t o  determine the radiation intensity before and after each decorr td-  
nation process; are- requiring fur ther  processing were thus lmated. 

10.3.2 - The C o n t h t i o n - d e e o n t d t i o n  Characteristics of 
Vehicle Paints & Undemoatiws 

The test arraqgaments wore: 

1. Tpro tmcks, 2-L/2 ton, 6 by 6 ,  C h d c a l  Seralce, were 
partly covered w$th selected paints and unde~coatings, frocatf ons of 
painted surfaces are shown Ln Fig. 10.1. In oder to a b l a t e  actual 
f i e l d  conditions, the surfaces were weathemd d w h g  t r i p s  around the site. 

TRUCK NO 2 

r I I 

TRUCK NO. 5 

1 t 

Fig. 10.1 'Irocation of Painted Surfaces on hvcks 



!I 
2. 'hro tanks, med5um, M-26, mere used, both of ahich xem -A, 

partly cavered with applfcable pdnted surfaces f a t  the site), !I 
f l  

The behaviar of the paints &d undercoats was evaluated br: il 
t! 

1, &iPing the vehicles through the contaminated am& 
over d o u s  courses and at va-g a p e &  subsequent t o  the Surface Shot. 
The mutea chosen and the travel times were recorded, 

2. Detedning the backgromd readings of the instm- 
ments before the vehicles were driven into the can-ted area. 

3. Measuring the radiation intensity of each vehicle asr 
a whole, and of each painted test surface, with a beter-gamma sumey meter, 
Model MX-5 and a gamma sum meter, Model AN/PDR-"L~B at the following 
times: (a) immediately upon leaving the contaminated area, (b) upon x e t m  
of the vehicles to the decontamination center, and ( c )  after a standard 
decontamiaation of the  vehicular surfacea. 

10.3.3 fnoestfRation of Personnel H a z e  

Subsequent to the Surface Bot, gamma radiation was de- 
t a d e d  usfag same? meter AN/FDW-TIB. Readings were taken in each ve- 
hicle cab during its stay in the contaminated area, inmediately upon laav- 
h g  the contaminated m a ,  and upon its return t o  the decontdnetion 
csntar* 

The radiation1emI.a o f t h e  cab and engine capmtaents 
were obtained prior ta aad after deconbdmtion by vacuum cleaning. 

fn addition, a general mmey of the mhicles was made 
with parkicular attentian to tfhot" 'spots. 

10.3.4 Special U n d e r m d  Shot Bwstlstation 

In order t o  detemhe the effects on vehicles of the 
Wndampmnd Shqt, two medim tanka (M-26) mere used as stationar~r targets 
apprdmte ly  2,000 Ft f m  gruund zero. Thia locatLon was chosen to 
keep the vehicles within the range of the bass aurge and E a l l - o u t  without 
expshg them t o  serims damage f- blaat and t h e d  effects. 

. The readings hken and the decontaminat~on procedures 
followed were identical to those p s c f i b e d  for the post-surface-shot 
teats. 

Shfelding data for radiation fmm a contaminated awe 
was dete-ed oa one medium tank (M-26); a Ught  tank ( ~ 4 4 ) ;  a personnel 



!I 
carrier (T-) ; truck, 2-l./2 ton; truck, 3/4 tm; and tmck, 3/4 tan. "A, 

Measuremts of the radiation level of the interior and errterior of the !I 
vehicles were carded out using the u$~'DR-TI.c; and the Beckmnn Mdsl m r n  

MX-5, w l t h  the window closed. The measurements were made in gamma fields 
of 100 to 500 mr/hr. 

il 
t! 

-' 

Prior tu decontambation, "hot spatsn were detected on vehicles 
in tbe fol lowhg typical locations: on t b e s ,  undersides of fenders, 
back of front bumpers, rear s p a s ,  and wherever grease or asphalt spots 
were present. 

Table 10.1 lists the activity lmls measured on vehicles contaw 
3sated 6g t r a d i n g  thruugh the radioactive areas of Operation JKiGLE. 
It is a partial List which illustrates the absence of a vehicle contam- 
ination-deconttmhation problem during Operation JANGLE. All signiEcantly 
high laoels have bean included, The data were extracted fron the records 
of the radiological aaf ety operational d e c o n t ~ a t i o n  station (Atomic 
Enere ~onrmission) which processed a l l  vehicles contaminated durfng O p e r  
atfon JANGLE. 

I. No oehiele mas coatamiaetted to mch an extent as to requkre 
h e d h t e  decontmhation daring a tactical sftaatian. 

2, Vehicle contamination levels were sligh.W$ higher after t h e  
Underground Shot than they were after the Surface Shot, 

3. The beds of vshTcles a t  times shoved relativ81y hlgh levels 
of' act iv iv ,  arising from contamjnated dirt shaken from material retrieved 
in, and transported from, radioactive areas. 

4.  Vehicles travelbig though areas of similar radiation intensity 
ahoared considerable varfance in levels of contamination. 

Act l r l ty  Lemls on Test Vehlcleer 

k i m u m  ~ n t e n s i t y  ' 
of Area Tra~sraed 

(m/hr 3 
12,000 
40,mO 
20,000 
9,000 

4 

Date 
( W s )  -- 
S D a $  

S t  1 

Type of Vehicle - 

Track, 1.14 ton 
Truck, 2-1/2 ten 
Truck ,  2-l/Z ton 
Truck, 114 ton 

~ c t  l v i t y  
( m r b )  

Bed ' 

1 5  
0 
1 
0 

Cab - 

15 
2 ------ 
20 
0 

Vbeel 

4 
18 
20 
1 5  





TABU 10.2 (Continued) 

Contamination-decon-ation of Test Vehicles 

Under h f t  Rear Fender 

Table 10.3 lists the contmhation levera of the K-26 tanks as 
measured 26 hr after the Underground Shot, and t he  extrapolated values 
for 1 hr af ter  the Underground Shot, The data were taken af te r  t he  ve- 
hlclea had weathered f o r  26 h r  and then 'had been driven approximately 
one mile to a decontamination area. 

C o n t d m t i o n  on M-26 Tanks 
1 I 

Locat ion 

Gtmnerl s 
Compartment 

C o ~ d e r t  s 
C o @ m t  

Contamlnstim Level (r/hrl 

0 -17 

0.u  

K t 26 H m r t  I 

Top of Tnrret 1.7 

rank[e) ~ g - s  

2.0 

H + 1 flour ( ~ s r t r a ~ l a t e d )  

42 

0.09 

0.a 

~ank(~1 424-5 1 T& W8-S 

49 

Tank 424-3 

4.2 

4.4 

2.0 

2.0 



Tank 4l8-S: head-on, engine nmning, hatches open. 

Side of Tank 
Front of Fenders 

(b) Tank a r  side-on, engine off, hatches closed. 

Pront T W B ~  
ldacbiae Gun 
R Q h t  Treads and 

Beg5 es 
Lef t  Treads and 

Bogies 

fig3.m 
Goqartment 

Table 10.1: shms the decrease in contamfnation l m I  of the K-26 
t a n k s ,  remlting from weathering and f'ron thei r  remod fro= the radio- 
act in  area (40 to 80 per cent reduction), 

Conhnbatlon Levels an Tanks Removed f ram Test Area 

0 mu 
0429 
0 • 

0 ern 

09494*3 , 

- - 

Before Re- Afhr Renaval 
Vehicle 

M-26 Tank ( a t s i d e )  
Be-26 T d  (inside, open) 
X-26 Tank (ins~de, closed) 

0.45 
0.30 

a* 055 

0 .08 

0.20 

10.2 
7.1 
L o  

a@ 

12-59 

11 e l  
7.4 
1 ,3 

2.0 

4.0 





%curio Information 

C o n t ~ t i o n - d e c o n t ~ t i o n  Data on 
Vehicles Operated Near Crater 

Table 10.7 ( w i t h  Fig, 10.1) lists the levels of contadnation of 
differently pahted surfaces, 

Location 

Top of Vehicle 

Comnandw 

Loader or Compartment 

Assistant Driver 

hirer 

Gunner 

Outside Left Sfde 

Top Left Fender 

Left Track 
Left Bogies 

Left Suspension 
Rear Toweye 
Gun Muzzle 

R i g h t  Track 

Bight Bogies 

R i g h t  Suspension 
Outside Right Side 

Top R i g h t  Fender 

Front Towept 

Front o f  Vehicle 

Engine Coqw-tmant 

M-26 Tank W$S 
Contamination h e 1  

Before 
liua 

M-26 Tank 4a-S 
Contaminat ion Level 

Before 
Run 

UC 
6.5 
8 

U 
ll 

6 
10 

20 

13 
10 

12 

10 
20 

Xr 

9 
35 
12 

26 

5 
8 

- 

C=/W 
After 
Run 

4 

l3 
l.2 
20 

M 
12 

ll 

12 

6 
17 

M 
- 
32 
10 

8 

20 

18 

22 
- 
6 

M 

After 
Decon. 

1.5 

9 

9 
u, 
1.0 

U. 
3 
5 
3 
6 

5 -- 
2 

9 
5 
6 

5 
$ 

- 
4 

49 

h / h r  1 
After 

R u n  

U, 

6 

7.5 
10 

10 

7.5 
11 

l6 

15 
18 

16 

8 

u 
8 

14 
70 

17 

95 
4 

I 

Mter 
Pecon. 

2.5 

3 
3 
5 
8 

4 
4.5 
7 

245 
5 

7 
1.5 
3 
2 

4 
7 
5 
l-0 

1 

2.5 

20 
- 



Contambation Levels of DFff e r e n t l y  Painted Surf aces 

(a) See Fig* 10.1. ft. 

?: 

Table 18.8 gives the attenuation data for 2-v2-, 3/4-, and l/4- *' . !{ 
ton  trucks. , Y"i 

1, l  . S! 
+; 

TABLE 10.8 i;l 

' Ti j ,  
Vehicular S h i e i a g  Effects - Z; 

F.1 

Field Cab 
Intensity Intensity 

Vehicle (mr/hr) (mr/hr) 

Truck, 35 31 
2 4 2  ton 140 60 

300 150 
2,100 600 

Truck, 80 1 5  
314 ton 28 6 

16 3 
Truck, 360 140 
4/4 ton 1, ooc 360 

1,200 3 50 
1,400 44u 
1,601) bOU 

Attenuation - - - - -  
1.66 
2-33 
2.00 
3 50 ----- 
5.33 
4.66 
5 933 
2.00 
2.77 
3 43 
3 -18 
2. bb 

Bed 
3nt ensity 
(mr/hr) 

28 
90 
200 

1,000 

20 
10 
7 

I 

kt tenuation 

1.25 
1 - 5 5  
1.50 
2.10 

4. 
2.80 
2,29 



Table 10.9 lists the results achieved with the various decontam- 
ination procedures tested, and shows that the highest degree of decon- 
tamination was achieved with high pressure steam. 

Results of Various Decontambation Procedures 

Table 10,10 gives the attenuation data for the M-24 Tank. 

Type Vehicle 

R-uck, %v2 ton, 
6 by 6, Cargo 

Truck, 2 4 2  ton, 
6 by 6 ,  Cargo 

Table 10.U gives the attenuation data for the  M-26 Tank. 

. Table 10.12 gives the  attenuation data for the Tml Personnel 
Carrier, 

Method of 
Decontamination 

Chemical Corps 
decontamination 
truck and Sellera 
h Q h  pressure j e t  

Chemical Corps 
decontamination 
truck 

ygzf 
hit3,al 

Flnsl 

hitial 

Final 

Truck, 2 4 2  ton, 
6 by 6, Care 

*ck, v4 tm, 
4by4, Camand 
Reconnaissance 

6 

1 .  

8 

2 

Q) w 
4 

s r. 
L U  

-o 

3 
20 

10 

20 

8 

Chemical Corps 
deccntadnation 
truck w i t h  Tide 
solution 

foar pressure 
hosingrithwatsr 

7.0 

1 5  

3.0 

1,6 

I n i t i a l  

Final 

Initial 

Final 

0 
rl 
0 
4 

$ 5 2  * 
w 0 

4 
03 

$ 

1.7 

0.6 

7.0 

0.7 --- 

6 

4 

8 

3 

7 

- 
10 

3 

d d $  9 

$ 3  

20 

17 

2(3 

ZO 

# 
C 

E 

b 
P 4 d  s 

9" 

3 CI 

17 

1.4 

20 

6 



~ecurity Information 

TABU 10.10 

Attenuation Data fo r  M-2i+ ~ a n k ( ~ )  

(a) Measurements made on one tank in two dFEferant locations at the test 
aite. 

TBU 10.u 

Attermst ion Data for M-26 ~ank(') 

t 

Location 

Driver's Seat 
Assistant 
Driver's Seat 

Conmandm 
Gunner 
R i g h t  Fender 
Left Fender 
TOP of m e t  
Outside Driver 
Out side 

AS sfs t ant 
Driver 

Gunner 350 4 88 
Assistant Gunner 350 6 58 100 3 33 400 6-7 51-67 
Right Fender 360 130 2.7 100 50 2.0 400 220 1.8 
Left Fender 350 120 2 . 9  100 46 2.2 400 220 1.8 
Over Motor 350 110 3.2  100 46 
Ibp of Turret 350 120 2.9 100 60 1.7 400 220 1.8 
Outside Driver 350 120 2.9 100 35 
Outside and 

Reduction 
Factor 

15 a 5 
15.5 
15.5 
19.0 
2.6 
3.1 
1.05 
1.8 

1.8 

Measurements made on one tank in three different locations at the test 
aite. 

F i e l d  Intensity 
ImrJhr) 

External 

310 
310 

310 
310 
310 
310 
310 
310 

310 

3educ t ion 
Factor 

L2.2 

L2.2 

22.0 
U.0 
2.0 
2.2 
1-b 
1.8 

1.6 

Internal 

X> 

2O 

M 
16 
120 
100 
300 
170 

170 

Field  Intensity 
b/k) 

'External] Internal. 

U O  

U.0 

U O  
U0 
Ut, 
U O  
130 
U O  

no 

9 
9 

5 
6 

55 
50 
$Q 
&I 

70 



Attenuation Data for T18E1 Personnel 

(a) Measurements made on one TIBE1 in f nrr different locations at  the 
t e s t  site. 

Center Passenger 

RightPasaenger 

Outside C m  
mander s 
Hatch Cu in*] 

Outside C o w  
mander e 
Hatch (36 in.) 

350 26 

350210 

350 2W 

13.5 

1.7 
----- 

1,5 

100 12 

100 55 

100 9Q 

0.3 
8 

106 8 
I2 

12 
12 
8 

- 

- 

1.8 - -  

1.1 

---. 

33 
500 39 

51 

15 
U 
10 

- - - 
-- 
- -I 



10.5 DISCUSSIUN 
- 

10.5.1 Vehicle Contamination 

Shielded vehicles, tanke, and weasels, which were operated 
for long periob in the vicinity of the craters produced by both Surface 
and Underground Shots, aem contaminated only slightly. Vehicle cmtami- 
nation did not constitute a hazard ta the passengers. 

Weaaela which opmated on the l i p  of t h e  Surface Shot 
crater 2 l/2 hr after the Shot were monitored approximately 23, hr after 
Shot t h e ,  and di~c losed  a level of general cont-ikmination of 30 m/hrl 
Thelr  treads gave readings of 70 mr/hr, and the  l w e b  of activity in the 
personnel cornparbent a were 10 m/k. 

Taalcs operated fs the asma weae one day after the Shot 
& p l w d  actsvity levels of two or three times backsound, 

In order t o  achieve maxhm surface contamination, the 
trueke, 2-u2 ton, 6 by 6 ,  Cargo, selectively painted and undercoated, 
mere operated in t he  radioactive aread. The trucks were driven through 
the d u t  cloud produced by the lead vehicle in f i e l d  intmit iea  of ap- 
proximately 25 r/hr with speeds varyfng frapl 5 to 20 mph, The readings 
taken in the cabs of these aehiclea after those tests was less than 1 
mr/hr. 

The evaluation of deconhahation techniques on those 
specially treated vehicles and the det emhation of the contamination- 
d e c o n t b t i o n  characteristics of the t e e t  paint8 and undercoats m e r e  
discontinued because of the low dsaee: of contamination. 

While a thorough decontamination of vehicles appears 
unnecessary, localized ~ M c l e  contamhation may constitute a hazard to 
maintenance personnel. In order to mfaimize such dangers, monitorfng and 
decontamination of vehiclee which have operated in a radioactive area 
ahodd be added to the n o d  preventive msj,ntemmee procadureer, 

H i g h  levelg of iatensity were noted in the beds of vehicles 
wed for the transportation of contaminated material from radioactive 
are-. The hfgheat such bed reading detected during Operation JANGLE w a s  
13 rhr.  The cab reading prior to the decontamination was 140 mlhr. 
Vehiclee which are continuously engaged in such operations in a contad-  
nated area might thus mal l  become h i m  radioactive. Their innnediate 
decontadnatfon I s  theref ore Fndleated, 

Essentially, neither the Surface nor the hderground Shots 
created a tactical vehicu3ar problem, S b c 8  no vehicle, after leaving 
the contaminated area, expsed the operator to a dose rate which might be 
conaidered a mKLibry hazard, there was no need for the imnediats treat- 
ment of the vehicles. It rshould be noted, however, that due t o  t e a t  



limitations, veMolas were not operated in areas contaminated t o  levels ,/ 
higher than 50 r/hr. 

During ta'ctical operations, the decontmlnatlon of the 
exterior and interior of vehicles cannot be completely disregarded. A 
routine decontamination point should be astablished, where vehicles can 
be modtomd and decontmhated if necessary. 

Strict t h e  relationship could not be established fo r  the 
various decontamination techntques. The surface characteristics of the 
vehicles prior t o  entrance into the contaminated amas, and the ir  respec- 
tfre degrees of cleanlfness varied so w i d s u t h a t  decontambation time 
appeared as a function of technicye and vehicle part, rather than a f unc- 
tion of technique and vehicle type, Furthermare, t e s t  vehicles, nelsc- 
tively painted and undercoated for controlled decontamination t i m e  studies, 
did not become sufficiently contaminated after repeated runs through the 
contaminated areas to pe-t a time comparfson of decontamination tech- 
nfquea . 

10.5.3 Wmitationa of Procedures - 
All decontamination required substantbd. quantities of 

mates. Hi& pressurn hot mater techniques ut i l i z ing  a s t e m  generator 
and a Sellers unit rewire apprmdmately 1,400 gal par hr. High pressure 
cold water hoskng fram a decontamiaation tmck requires 1,200 gal per hr 
while its tank only holds 400 gal. Low pressure hosing from an Engheet 
pump, standard in f i e l d  unite, is slaw and laborious. 

10.5.4 Practical Ap-cationa 

The urgency of the military situation w i l l .  detemins how 
rapidly and t o  what extent vehicles must be decontaminated. The thorough 
and complete decantmlnation of military vehicles will seldom be neces- 
sary. A augerfic5al decontamination should normally suffice t o  meet the 
m i l i t a r y  need and reduce the level of contamination t o  8 point where 
nei ther  the passengers nor the maintenance personnel d L l  be exposed t o  
any undue hasad, The routhe cleaning performed for the renoVal of dirt 
can then be applied by troops in the field for the-necessary decontgmina- 
tion procesa. 

\ 

S o i l  charaetedstics are, of course, reflected in the \ contaminant resulthg fron a surface or subsurface atomic bomb detenatfon, 
It is believed that the dry, fine nature of the soil at  the b n d a  Test 
Sits lessened the decontamination problem. Mamover, whan the velziclea 
which traveled over contminated roads were w e t  by rain after the Surface I 
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Shot, more of them were contaminated. Following the wetting of the roads, 
t h e  work load of the operational decontamination stat ion increased f mrn 
an average of 30 vehicles per day to 100 vehicles per day. It must be 
assumed therefore, that moist eoil causes a more serLouz vehicle decon- i t amination problem: The undersurf aces of vehicles traveling through such 
moist,  contaminated soil might then become more radioactive, On the other 
hand, the contaminated dust hazard t o  operators and the upper aurface 
contamination of vehicles wouZd be materialiy reduced. 

Since heavy mud is easily removed from vehicles Fn clean- 
ing operations, the decontamination of vehicles which are heavily con- 
taminated by moist radoactiver d i r t  should not prove d i f f i cu l t .  For 
example, a Weasel, which carried samples: of the crater soil f romthe  SUP- 
face Shot, had been exposed on t h e  evening of Shot Day. The next morn- 
ing, a muddy spot on t h e  sampling defice read 50 r/'hr. beontamination 
to a level of 50 m/hr was  accomplished by scraping the muddy spot with 
a s t i ck .  

Wntjl further study of the effects of s o i l  characteris- 
tics on the contamination-decontamination problem has been made, it 
appears unwise to conclude tha t  t he  trivial vehicular decontamination 
problem which existed at the Nevada Test Site typifies the general veMe- 
ular decontamination probLem which might result f r o m  surface or subsurface 
a t d c  bomb detonations. 

10.5.5 Shieldinq Data f o r  Vehicles 

The shielding afforded by armored vehicles yielda the 
following radiation h t e n s i t y  reduction factors (with respect t o  gamna 
radiation) f o r  personnel riding in the ir  normal positions: 

Vehicle Fact or 

Tank, M-24 
Tanlc, M-26 
Persomu1 Carrier, T18El 
Truck, 2-1/2 ton 

The experimental vehicular decontamination results of 
Operation JANGLE. indicated no need for the addition of specialized decon- 
tamination equipment to the present tables of equipment of f i e l d  units. 
If vehicle decontamination should be necaasary, t h e  decontamhation e q u i p  
ment and pmcedums to be used should be based on the urgency of t h e  
situation, The following emergency methods may be used by t h e  vehicle 
operator: 

bcuritr Information 



1. D r y  sweeping or brushing of the vehicle, payfng par- 
ticular attention to t h e  removal of as much dirt as possible from the 
cab. 

2. Wiping with wet rags. 

3. Brush scrubbing with water or a solution of water 
and GI soap. 

A more thorough decontamination could ba accomplished 
with (1) lor pressun, hosing and scrubbing, (2) high pressure cold water, 
and ( 3 )  high pressure hot  water or steam cleaning. 

10.6.2 lian Power and T h e  Requirements 

h power and t h e  requirements wiU vary, depending upon 
the equipment ut i l ized,  the urgency of the situation, and the extent of 
decontamination necessaq t o  eliminate timy ua&m hazard t o  the operator, 
The following rule of thumb for t b e  estimates is suggested:..--it should 
take no l c n g e ~  to decontaminate to safe levels than L t  wuid  t o  remove 
ordinary dirt f r o n t h e  vehicle. 

10.6.3 Chemical Rsquirements 

Mu additlon of chemicals t o  supply channels for decontami- 
nation purposes is deemed necessary. The decontamination which s a m s  
the U t a r y  purpose can be carried out without chemical adtkitives. Just 
as in ordinary cleaning, a detergent or soap, both of which now &st in 
supply charnels, will expedite the cleaning job. 

20.6,Ec Personnel Safety 

Durfng decontadmation operations, the folloPring stspe 
are suggested t o  M z s  the radiation hazard to decontamination person- 
nel : 

1. Contact #rth contamhated parta of vehicles should 
be avoided aherever possible. 

2, Gas masks should be worn until. the absence of an a i ~  
borne hazard is proven. 

3. Standard change house procedures should be fallowed 
wherever possible. That is, at the completion of decontamination opera- 
tions, a change of clothes is advisable and washing and showefing faci l i -  
ties should be a-lable. 

4. No special clothing is necessary for decontantination 

- - - - - - - 
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operations. Water repellent clothing is desirable for  wet operations. 

It is recommended that an q l a n a t i o n  of t he  vehicular 
decontamination problem be part of all atomic energy indoctrination 
courses. It should inclub the following facts: 

1, Radioactive contamination st icks to vehicle surfaces 
as does ordinaly dirt, For all practical p ~ p o s e s ,  vehicle decontamha- 
tion is therefore a clsanhg job. The r e m ~ ~ l  of the  contadnated d i r k  
e l a a t e s  t h e  radiation hazard. 

2. The rernoval of t h e  contaminant I'mm vehicles requires 
mathods normallp used for the  cleaning of vehicles. Although brushing or 
sweeping w i l l  remove a large percentage of dirt, water is necessary f o r  a 
thorough cleanhg job, 

3. Troops should be trained to meet their particular 
decontamination problem, For hstance,  if t h e  Chemical Corps decontami- 
nation tmck is not  available, a 3 , W g a l  water tank and pump might be 
placed in the bed of a 2-1/2-ton truck, to be espatched  to points where 
the immediate, thorough decontamhation is required. A permanent decon- 
t h a t i o n  s ta t ion  could be set up near a water supply t o  which point 
~ehicles in need of d e c o n t d a t i o n  PcLght be drlven. 

4, Althoug\ hazards to decontamination persome1 appear 
insignf f icant  , the  usual precaution3 when handling cantamhat ed material 
should be taken. 

5. During travel through a contamfnztad area, vehicle 
w i d o w s  should be closed in order to Lessen t h e  dust hazard in t h e  cab. 

6 .  Before reentering a vehicle in a contaminatea ares, 
personnel should dust off clothing and shoes as  thoroughly as possible 
in order to reduce the quantity of contaminated d i r t  carried into the 
cab. 

Consfderable shielding is afforded in a m r e d  vehicles 
required to operate through radioactively contaminated areas. The inte- 
grated dose received by crew members, in general, is less t h a n  1/1Oth 
the  dose that would be received outside the vehicles. Personnel riding 
on t h e  fenders of vehicles w i l l  receive, roughly, half t h e  dose they 
would  receive if they were afoot. 



ABSTRACT 

Measurements of ;inftiaJ contamination, of the moment of the con- 
tmbant during decontamination, and of the residual Levels after decon- 
tamination were accomplished in two ways: (1) direct measuraments were 
made in the f i e l d  by detection of beta aadJor ge3nma radiations emanating 
from surfaces or areae of fntereat; and (2) hdirec t  measurements were 
obtained by sampUng contaminated surfaces and aerosols, remov5ng t h e  
samples from the f i e l d  and measuring the radioactivity associated with 
them, and calculating back to d e t e d e  what the values would have been 
at the t h s  of h t e r e s t .  These indirect techniques were found to be 
very useful and necssaary for  securlng lakwrat0l.g check measurements of 
ffeld readings as well as for o b t a h h g  unique measurements othemiae 
unavailable. The direct measurements were employed wherever possible 
using gama survey fnstruments and special instnvnents for detecting beta 
radiation in a ganm background, 

u . 2  HISTORY 
1 

Prior t o  Operation JANGU3 measurements of contamination lsvele 
and decontamination effectiveness in the f i e l d  ham been performed using 
beta-- and gamma s m y  hstruments. These instruments are designed 
t o  detect and measuse t h e  p+rp radiological hazard--the external 
gamma and beta radiatLms. It is intended that they provide an average 
reading of t he  radiation f i e l d  at arry @ven location with only general 
concern as to the source of the radiation. 

b p i o u s  merimentation has s h m  that nore than Just a general 
knowledga of the location of contaminant and mducfion of the f i e l d  is 
neeessarg. for accurate assessment of decontamination effectiveness. It 
is known that the location of contaminant a;ld ease or difficulty of 
removal can v a q  widely d t h  t h e  geometfical configuration and the type 
of material encountered, Furthemore, t h e  amc3unt removed from varioue 
location8 and materials wiU vary with the decontamination mthod employed, 
The need for an instrument providjng directional. detection has therefore 
developed. 



Select ion of ins t w e n t  s for general radlat ion-f ield meaaument s 
was based upon the f o l l o d g :  

1, Performance in prevlous atomic teste .  

2. R e l i a b i l i t y  in the ranges of detection anticipated. 

It was felt that the experimentation t o  be carried on under th5s project 
would closely s b u l a t e  operational procedures. Hence, operational-type 
sumey i n s t r u m ~ n t s  were chosen. 

Prior t o  this operation, considerable experience fn a i r  samplhg 
teehniquea had been acqui~ed. The simplest and most direct  method, that 
of vacuum sampling through a apec ia l f i l t er ,  was chosen fo r  this f i e l d  
m ~ k .  Other samphg  techniques ( i n v o l h g  the r e m o d  of eont&atlt 
f r o m  t h e  f i e l d  f o r  hspection) were developed a8 required. 

!he objectives of the measurement effort on this project were two- 
fold: 

1, To accomplish direct measurements in t he  f i d d  wheremr possible 
and feasible. 

2. To provide i nd i r ec t  measurements where dimct measurements were 
either not possible or not  feasible. 

The direct measuremnts were a t tapted  by use of two types of instrzl- 
ments : 

1. Radiac survey meters. 

2,  Beta counters. 

The indirect measurements were sought by use of the following sampl- 
ing techniques : 

1. Air sampling. 

2. Soil s-g 

3. Surface sampling 
a, Patch sampling. 
b. Adhesive sampling. 
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4 Waste Liquid sampling. 

1 1 m 5  SP.ECIFIC PRDCEDUW: DIRECT WSUfZWENTS 

The lnstnunents used for measuring radZation f i e l d s  $1 
are designated as follows: i j 

W a c  Training Set, AN/PD%T~B 

Radiac Set, hN/~~%27 li 
k1 

Eadiac Set, AN/PDRZ?c &1 
l i  

Radiacmet ar, SU-30 i, 4: 
'4 

Before these instruments were used 3n the field, their $ j  
calibration was cheeked w i t h  a radioactive cobalt source. ,This compari- gi 
son was performed daily during the t e s t s  to insure maintenance of the c d i -  * I  ? ! 

bratlton, 1 3  i j $1 
11,5.1.1. Radiac Tr-4 Set, W / P D R - ~  $1 li 

a* ' 
t l  

The AN/PDECTU! i s  an ion i sa t ion  chamber hstm- 
ment used to detect the presence of gamma d t t i n g  radtoactim materials 
and to train operators in the use and maintenance of this type of equip- 
ment. It is a self-contained portable inat~u~ent weighing about 10 lb, 
It is used for detecting and measurhg the fntensfty of gamnra radfation 
only. The readings on the mter am not cumulative; t h a t  is, t h e  meter 
jndicates the amount of radiation (in a i - r o e n t g e n s  per hour) present 
at any @ven moment, r e g d e s s  of the duration of the exposure, The 
detecting volume (ionization chamber) i e a  located entirely with5.n the s t e e l  
case of t h e  hstnunent,  A U  beta and the lower energy gamma radiations 
are thewfore excluded, The eqwipmnt has a metal earryhg handle and a 
1-u2-in, p l e s t l c  shoulder strap, 

Controls are contained in three knobs and one 
push-button switch. The zero control adjusts the meter reading to zero. 
The selector switch turns the se t  on and off, selects ranges, and changes 
range scales. Five rangee a m  provided in m3J.U-roentgens 2er hour: 
O - 5 ;  0 - 50; 0 - 5OU; O - 5,000; and 0 - 5a,000, The check control 
man2pdates a amall beta 80-8 enclosed in the case ta provkde a check 
of the over-all operation. A meter light switch located in the handle 
controls the pi lot- l ight  i U W h a t i o n  of the meter face, 



1 . 2  Radiac Sat, AN/PDR-Z~ 

These instruments are i d e n t i c a l  except for cer- 
tain internal improvements in the  later model, They function im a 
a W h r  manner t o  the previously described AN/PDR-TLB. However, these 
h s t r u r ~ e m t s  ase prsovided with an in ternany contained Geiger tuba and, 
in addition, an end-window Geiger tube on an extendible cable, This 
probe detects gamma radiation exclusively when the metal s h i e l d  is in 
place a v e ~  the window and detects beta-gamma when t h e  shie ld is removed. 
The detachable probe detects radiation intensit ies  up to 5 mr/hr; t h e  
ionization c h d e r  detecta garma radiation above that f w e .  The meter, 
wsQhing about 9 lb, has a metal c a r r m  handle and a plas t ic  shoulder 
strap. A headset is also provided. 

AU controls are conbhed  in one knob. The 
ranm switch turns the se t  on and off, changes range settings, and selects 
m n e  scales. Four ranges- me provided in milli-roentgens per hour: - 
0 - 0.5, and O - 5 by means of the detachable probe; and 0 - 50 and 0 - 500 
u a h g  the biteraally contained Geiger tube. The meter face can be illu- 
minated by t i l t i ng  the meter so that the  panel. is in a 45-deg posit ion.  

This instrument is identical  in a outward 
aspects and manipulation t o  the AN/RR-TB. 

The Radiac Training Set, AN/PDR-T~E, was gsn- 
era- uaed in msference to the AN/m-2'7 and 27c. There appear t o  be 
two reasons for t h i s  choice, Fi r s t ,  initial measurements required the 
higher ranges provided by the AN/FIX-TLB. Once measurements were started 
with t h i s  instrument, there naa a natural reluctance to change to another 
type. This attitude was fostered An part by an early obaemation of poor 
correlation between i n s t m n t  types. Second, the requirement of ~ m o v -  
ing the probe for lower scale readings with an AN/PDR-~~, 27c introduced 
an undesirable variable since the exact location of the detecting volume 
with respect to the contaminated surface materially affected t h e  readings 
obtained, This Instrument was wed only rarely for beta detection due 
to the limited rangel available fo r  such measurements. 

With an observed beta-to-zamma ratio of 10 to 1, no beta-gama measure- 
ments could be made in gamma fields higher than 0.5 m/hr using the 
m/PD~-27, U c ;  a readhg of 0.5 m/hr with the window closed would give 
5 m/hr when open, the latter figure being the upper L i m i t  of detection 
for the extendible probe. 
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Although the AE~/PDRT~B and SU-10 were cm+ 
4 ' 

311 
pamtlmly easy t o  handle and operate in the f i e l d ,  the foUowhg crit i-  hl  

cisms are pertinent: 4 
+ - - .- - - 
- 

1. Although carefully. cdbrated pdor  to 
f i e l d  use (as indicated predouslg), poor cornlation between instmmts 
was experienced, Mfferences of as much as 5O per cent weye noted. i ! 

? * I  1(1 

$ 1  

2. The response m a  sluggish at temperatures Z i  :! 

belaw 50 deg F. ;I 
:; 

3. In changing range scales, U f  erences of il 
as much as a factor of 2 were o b s e d .  For instance, a reading of 40 on 51 #>I 

the 0 - 50 scale might change to 80 on the 0 - 5 0 0  male.  *, 
5: 

4. In nonunifom fields, ma&@ dtver$enk by 
20 t o  50 per cent were observed depending upon t h e  orientation of the 
instrument 5n the f i e l d .  

5 .  Zero drkft appeamd t o  be serious In some 
cases. Moreover, the p d s i o n  for zero adjustment as An this h s t m e n t  
presents a psychologLcal problem. In high radiatfon fidda there is a 
reluctance 50 taka time out to adjust the zero. A t  the game t h e  the drift 
is auch as t o  give a feeling of insecurity if frequent recourse to adjusb- 
ment is not taken; this f e d n g  is heightened by the continuing uncertainty 
as t o  whether or not the ze-djust h o b  has been accidentally moved aince 
the last ad~ustmnt. The zero-adjust h o b  is located toe close t o  the 
car&ng handle, thereby pemittfng accidental moment .  

Better correlation between instruments of the 
s u e  type and between tms was attained as the opemtim progressed, This 
sras usully accomplished by selecting, h the f i e ld ,  instruments which mere 
found to agree closely. l i s t e d  in Table U.1 are some examples of coin- 
cident readings obtained by speciallg- selected betruments of the types 
hdicated. 

ll.5.2 Beta Counters 

U.5.2.1 USNRDLBsta Counter: MaFkVModel I 

FIvs instruments2 for the detection of beta 
radiation In the presence of gamma radfatian wem designed and manufa* 
tarad at USNRDL. These instruments discriminate agdnst the gamma flux 

2 
For further detai ls  see Report USJRDL3&, 2 0 h b  1952. 



by use of two  chambers; both chambers are seensitlve to g m a  rays, but 
only one is sensitive to beta particles. The difference in the current 
f r o m  the two chambers is attributed t o  the beta radiation. These beta 
sensitive instruments were used to accurate* determine t he  sff ective- 
ness of the decontamination methods, T h e i r  use made it possible to 
dete&e how much contamjnant was removed from specific surfaces, with- 
out interference f m m  the gamma radiation f rom su~rounding areas. This 
property also permitted detailed study of can tamha t  distribution, 

Coincident Readings for Thme Instruments 

(a) 
Distance between stations equals 50 ft. 

'b' Instrument held horizontal at 5 ft above ground. 

The five instruments were identical in a l l  
respects. Production line techniques were employed in the ir  manufacturn 
so that components and subcomponents could be interchanged, As origin- 
aUy developed, they were designed to operate in gamna f i e lds  up t o  
25 - 30 mr/hr. A proportional, gas-flow principle was employed using an 
argon-carbon diodde mixture (65 - 35). The opemting voltage ranged 
from 3 , W  to 3,6m v. 

Power ma supplied by ten to twelve 30Q-v 
batteries (meready Minimax). The entire power pack consisted of U bat- 
teries, allowing spa~es for immediate replacement in the event of fa l l -  
ure of one or m o r e  units. One battery was connected across a voltage 
control potentiometer thus permitting f k e  control  of the voltage for 
calibration pumoses. A unique arrangement of jumpers prodded a scheme 
by which batteries could be quickly placed in or taken out of t h e  circuit.  

The probe alone weighed between 3 and 4 lb 
(Pig. ll.1). Two controls were provided-* zero-adjustment and a range- 
selector switch. Four range positions, frwn highest to lowest, were 
desigatsd A, B, C, and D, A gas escape port was provided far allovdng 



n could 
e t h e  I 
! L A - l .  - 

a low rate of flow of gas during o p s r a t h .  This port was located in a 
screw ca 1 be rmoved to pennit flushing of the chambers prior 
to opera nstrument. Pour feet located on t h e  bottom face of 
the probe ~UKXLLLWU sdnimra contact d t h  t h d  contaminated surfaces w h i l e  
providing for constant positioning of the windm at 1/2 in. from the 
surfaces b e k g  exambed. T h e  outer dhensions of t h e  probe w e r e  appmx- 
imately 4 by 5 by 6 Sn, and the window was 3 by 3 in. The effective 
surface &reg sensed by the probe was estimated to be 4 by 4 in, 

8 .  1 Pmbe lor Beta Counter 
U S m L  k r k  V. 1 

The entire asssmbly mted on a two-  
wheeled cart  especially designed for trawl over  m u @  te- (Fig. U. 2). 
Gas rpas supplfe a c y l h d a r  having a capacity of 300 cu hi.; thFs 
capacity was su rt to pmaide far  25 to 50 h r  of continuous opera- 
tion. (No 551110 s -~a~s - i c t ion  other than t h e  shelf-Ufe of t h e  bat tedes  
was imposed by the  power source employed since d~~ no current drain 
occurs during n o d  operations.) The probe was connected to t h e  power 
sourc9 by 25 Ft of cable and to t h e  gas supply by 25 ft of plast ic  t u b  
ing, The tubing and cable were taped together t o  facilitate handW~g.  
The distance of 25 ft was chosen to allm adequate access to the atruc- 
tures and objects being Investigated. 



Fbg. U.2 Beta Counter on Cart 
USNRDL Mark V, h d e l  I 

U.5.2-2 Performance Sumwry  

As indicated previously, design criteria 
for the USNRI3L beta c~un.tsrs were based an anticipated operations b 
fields of 25-30 m/hr, Virtually no information was available con- 
cerning the amounts of a c t i v l t y t o  be expected on surfaces at these 
levels. Howavsr ,  using the best estimates at hand, a range of sen- 
sitivity was chosen such that s ignif icant  readings before and a f t e r  
d e c o n t d n a t i ~ n  could be obtained. 

I n i t i a l  qemtions b~ the field divulged 
ths S o l l d q  facts: 

I. The range of sensitivity provided wae 
mom than adequate, 

2. Operations In gamma f i e l d s  higher t h a n  
25-30 m/hr w d d  be required. 

The hstruments were therefore modified to permit operation in higher 
gamma f i e l d s .  This modification was accomplished by reducing the over- 
a l l  sens5tivity and by encaahg the probes fn 1 /8  in. of lead. The 
results are  aummriosd in Table 11.2. 



Operating Characteristics, UWQRL Beta Counter 
a r k  v, Model I 

'a' k is an unassigned constant embody5ag counter geometry, absorption 
factors and backscatter. Employed here aa a convmiwce, it hdi- 
cakes that the readhga obtained are proportional t o  the activity 
expressed in curle units, 

- - 7 

Gaama Field hstrument 
sensitivity -a {mpc x k) (8) 

(=/W Modification 
Range Scale 
L B J  pp 

A 

0-25 None 0-50 &%CJ 
Pot Used 

25-50 Sensitivity reduced &500 0-5,000 Theas ecales 
by factor of 10 provided a 

log~i thmie  
response per- 

SO-100 Sensitivity reduced 0-500 0-5,000 mitting de- 
by factor of 10; tection of 
shielded on 4 verc much higher 
t ica l  sides by l/$ . levels of 
in, of lead activity,, 

The modified instruments gave d n e n t l y  satia- 
factory perfonnanes with due consideration &owed f o r  the fact that they 
were developentd units of an eatfrel~ nens t p .  By m a h t a b h g  a close 
check on the callbration and zero adJushent, reldabflity of the order of 
10 per cent was obtained between instruments. Relative accuracy of rea& 
ings with any one instrument was approximately 3 per cent. However, if 
the probes were subjected to a higher gama radiation f i e l d  than indicated 
in Table U,2, eaturation of the i o n  chambera occurred and the inatrumenb 
became erratic, Either a cuttfng off of the power source or rmval from 
the f ie ld  m a s  then necessary b mstore n o d  operation. 

10P150 

U h 8 h e n t s  found t o  be able to with- 
stand rugged treatmant . k i d m a  dropping of the pmbes occurred smral 
timers. In e v e q  case, no malfunction was experimcsd. h one h t a a c e ,  
a pmbe encased in 7 Ib of lead f eu  from a height of 2 ft to the bed of 

Sensitivityreduced 
by factor of 20; 
shielded on 4 ve* 
t ical  sides by 3/8 
3a. of lead 

0-1,000 bl0,OOQ 

Ranges ahom 
on l e f t  were 
adequatefor 
the operations. 
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a truck, bounced wer the edge and dropped down another 2 ft where it 
was supported o&v by the  power cable, It was found to be operating nor- 
many when recovered. Although a th in  (0.4-mil) aluminum window was used 
for the  beta sensitive chamber, it was adequately protected by a plastic 
screen, 

The large-wheeled car ts  upon which the  Fnstru- 
ments were mounted were found to be well balanced and easy to handle over 
terrain. Transportation to and from t he  site was accomplished in var iws 
types of military vehicles. Often, movement over rough terrain and high 
speed travelwere required. Wheels and axles of two of the car ts  finally 
gave way due to the  severe jolt ing and pounding thus experienced, Again, 
no malfunction occurred in the  probes, fittings, or power and gas supp2v 
units. 

Extremes in weather conditions had little 
effect on the fnstruments. They were subjected to some moisture from 
natural precipitation, both rain and snow, as w e l l  m to freezing tempera- 
tures, No faf ires  were experienced. Some tendency to temperature depend- 
ence was noted but was readily taken care of by recheeldng calibration as 
temperature changes occurred, Some cases of paaer failure were at first 
attributed t o  cold weather conditions, X smaU battery in t h e  meter cir- 
cuit required frequent replacement at the time the temperatures were lowest. 
However, t h i s  need for replacement coincided with  peak activity in the use 
of the instruments and it was concludedthat t he  r a t e  of replacement was 
probably n o d ,  

The surface area covered by the sensitive area 
of the probe was found t o  be satisfactory, This was  on the order of 4 in. 
by 4 in, or approximately 100 aq cm. 

The physical manipulation characteristics of *he 
instrument were generally good. The weight of the probe as o r i g ~ n d l y  de- 
signed and manufactured was very close to ideal. However, the addition of 
the  7 lb of lead shieldhg made it unwieldy, generally requiring the use 
of both handst. This requirement w a s  par t ly  due to the  fact that the handle 
provided was not strong enough t o  withstand t he  increased weight. The only 
other serious dramback in manipulation bvolved the zerwadjust knob. Thjs 
was of a freely turning type and was often accidentally moved while h a n u  
the probe and taking readings. 

The trailing power cable and the  @s supply line 
presented no serious problem, either as regards manipulation or contamha- 
tion. The lead shielding had a tendency to contaminate, t h e  contaminant 
becoming rather easily imbedded in t h i s  soft materbl. 

'iulen readings were taken or when calibration 
was done, the meter response was very satisfactory on the three upper 
scales. The needle skabilized w i t h i n  1 t 0  3 sec in all cases. The 



$! 
response on the X3 scale w a a  much slower, requiring from 30 sec t o  2 m3m r ' i  k I  

1.' 

t o  reach equilibrium. This slow response made post-decontamhation s u r  !! 
71 

veys very slow. $I 

The mounts of radioactive materiala dispersed in the a h  
!I 
$1 

by various e c o n t d m t i o n  aperations were emmined by air f i l trat ion  ..! 
teohniquee.5 By ampling the air at a lmom rats and by subsequently 

t ;  
21 

dete- the amount of radioactive materm retained on the filters, 
an estimate of t h e  quantity of material per unit volume of air could be 
made. 

Two types of samplers were used: 

2. A atsndard Army C h d c a l  Corps AJr Sampler, with 
modifications. 

fn addition t o  these methods, fatera f r o m  face masks and 
respirators worn by equipment operators were periodically b e d  for 
amounts of radioactive materfals retafned. 

11.6.1.1 USNRDL Ah Sampler, Madffierd Fflter Quem -- 
Type 

!be Filter Queen vacuum cleaner ia a tank- 
type cleaner which operates on a normal 110-v A E p e r  supply. It is 
modified to a c t  a.8 an a i r  sampler by aimply attachhg a filter holder to 
t h e  end of the auction hoee. krstruments of t h i s  type were motmted on 
the various pieces of decontanrinati~n equipment, Fmer waa a p p l i e d  by 
portable matoegenerator sets a lso  muted on the equlpmt. The volume 
of air passed through the filter could be determined by measuring the 
average pressure dMp acmm the filter throughout the affmplinP pried, 
and by uaiag an established relationahip between preraaure differential 
and flow rate. An average flow rate of 15-20 c f h  could be obtabed with 
thfs ~arnpling equfpment. 

Areas c b m h d  from decontamination operatbra - 
were wmdned by the use of a further modification of the F i l t e r  Queen 
sampler, The blower unit mas r m d  from the standard housing and encased 
In a spscially designed device for accomplishing ampling in the wind 

3 A USBRDI, report on a h  ampl3ng 5echnScque in the f i e l d  is in preparation, 



stream. This device consisted essentially of a filter holder, diffusion 
cone, and vertical tail fin. The entire assembly w a s  mounted on an 
anchored atake 5 ft above ground, A roller bearing swivel permitted a 
wind vane action so that the sampling cone always faced upwind. Samples 
were obtained in the same fashion as previously described for the 
equipent-arounted samplers. Power was supplied by motor generator. 

The f ollowimg types of f i l ter  paper were 
amplamd singly or in combht ion  dependhg upon the particular operation 
under investigation: 

1. C h d c a l  Yiarfare Service, Type No, 5. 

2.  C h d c a l  Warfare Service, Type No, 6 .  

3. Hollingsworth and Vose, Type H-70, 
(Thielmeas, 0.018 h.3. 

The ifiters are l l s ted in order of increasing efficiency. 

After collection, the samples were stored and 
tranaprted in s e w a t e  emelopes t o  prevent cross-contamhatfon. !he 
history of each ample was marked on the envelope. Samples were usually 
counked &thin 24 h r  and values were calculated back to ssmpling time on 
the h s i a  of concurrent decay determinations. A gas-filled proportional 
counter was used to analye8 the f i l t e r  samples. Quantitative d e t s e -  
tions were made of both alpha and beta-gamm emitters. 

11.6.1.2 Chemical Corps & Sampler, Modified 

Operation of the  Chemical Corps sampler is 
s W s r  t o  that preai0wl.y described fo r  the Filter meen sampler, The 
pwer requimmt of 24 v, DC, was  supplied by two 12-v aviation-type 
storage batteries, Ratere of flow mere generally lower than for the Fi l ter  
meen aampLer w i t h  s U r  filtelcpaper loadings. Batteries had to be 
replaced after 8 hr of operation. This instrument was modified ta sample 
in the wind stream in the sams manner as the Filter Queen type, 

U.6.L,3 Performance S u m a r ~  

In general, all units gave satisfactory p e r  
formance under mwt aampling conditions , Some diff icultg was experienced 
in mounthg the heavy motolcgenerator sets on decontamination squipnent. 
Hmwer, the Filter Queen samplera had to be used f o r  those operations 
k a  order to obtain sufficient capacity for the higher dust concentrations, 
The Il&v AGpolrrered units pmved to be more stable under load conditions 
than the 24-v DC-pwered equipment, 



Adequate justification w a s  obtained for modi- ii 
8 1  

f ication of both types of samplers for w j n d  stream sampling, Comparison :I 
-4 1 

of the modified versions with the erama samplers as n o m d l y  used showed w 

that l i t t l e  or no airborne material was picked up by t h e  latter, even 
4i 
r: 

though such materials were present h si,gnificant quantitfes* ;I 

Samples of contaminated soil to a depth of 20 in. were - - - 
obtabed by mean8 of a tubular sampler. A a t a h l e s s  s t e e l  tube juat large iP FA - 
enough to accomodate a cardboard l iner  1-4/2 h, in diameter mas wed. r m 

ma upper portion consisted of a handle with a movable weight attached for 11 
drivhg the sampler i n t o  the soil. The lower end was equipped rrith a 5' b! 
rmovabla mnel cutting shoe. The c a r d b o d  liner pemitted the a w e  P.I 

to be rmoved intact. i i  
hl 

Performance of the s o 0  snmpl~r was satisfactory in looae t 1 

soil but the  cardboard liner was dianpted when attempts wem made t o  
drive the tube into firm, native 8011. $1 +; 
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U.6.3 Surface Sam- 

. Patch Sampl* 

he-foot  square patches of the building and 21 
paving mate-a used on the project were mounted on t h e  decontamfnation : 1  I I 
test structures and placed the test-paved area&, Two samples of each 'I' ka $1 

were chosen, one to be coated with a pla8tIc spray and removed inmediately $1 
after contamination; t h i  other waa t o  =in during decontmhation opera- . $1 . 

tions and be removed later, thua prodding a beginning- and mb-point for - 

any saris9 of operations. Counting of the aaaples could then be performed FZ K 
- 

under labmatory conditions thus providing a controlled check of f i e ld  ta L~ - 

counting methods. 3 

mese ob3ectives were accomplUhad rrf.t& the 
pavhg materials samples. However, operatio& dFff idt ies  inwr1vZng 
movement of the decontamination test structures, emfled mith aevere 
weather conditions, largelg. nullified the efforts with the reminder, 

The gxpo3ut.e of adheeive materjsler-namely 
Scotch cellophane tape--to the Mthl col l ladmting went w a s  accomplished 
by use of a cardboard mask havhg four 1-in,-diameter holes. The t a p  rae 
placed so aa to be exposed through the holes and the cardboard frams waa 
secured with m k i n g  tape to eerier and btsrior aurfacea of atrmctureer, 
Counting of the samples was perfomed with the USNRDZ beta counter, k k  V 
Bbodd I. 



The sampling of drg contaminant h t h i s  manner 91 
was found t o  be very feasible. h mafly Instances, the only information 8 1  

* 
obtained on the nature of the distribution of the or ig ina l  contaminant on, 2 ;  
about, and within structures was by means of this technique. To a sur- 
prislng degree, the samplers were found to withstand moisture and even rain. 

11.6.4 Waste Ijauid Samplhg 

A l-imjted amaunt of waste l iquid  samples were obtained 
from building decontamination operations by means of tongs and open-mouthed 
bottles,  The samples were capped and returned to USNRDL for analysis. 

U.7 CONCLUSIONS 

The development of survey instruments apparently has not 
resulted Jn a suitable military radiac for use over long periods in a 
region of aerious radiological contamination, W i l e  the AN/PDR-T~B was 
the preferred instrument &ring thesetests ,  it was far f s o m  satisfactory, 
even though the environment at the t e s t  s i t e  favored t h i s  type of hstru- 
ment. It is doubtful whether the AN/PDR-TLB would have performed adequately 
under more typical  conditions of humidity, temperature, etc. Maintenance 
requirements for this, as for all instrument types, are unacceptably high, 

U.7.2 USNRDL Beta Counter, &k V Model I 

The need for a directional jnstrument for assess% decon- 
tmtion effectiveness was demonstrated in t h i s  Operation. The USNRDL 
b e b  counter, although a developental model, perfbrmed suff ic iently  well 
to provide the required dab. In sane instances, however, it was necessary 
to alter the operation plan to allow f o r  the  l imitations of th i s  instrument. 

A mjlitary requirement for a directional decontamination 
instrument has developed as a result of this Operation, Beta detection 
appears to be a satisfactory method of accomplishing this requirement. 

It is recommended that military and engineering requirements f o r  
radiac instrummts be subjected to careful examination with t he  object of 
prwiding improved rel iabil ity and ease of handling in f i e l d  situations 
involving serious reaid& contanination. Efforts should be made to 
increase operating l i f e  and t o  reduce maintenance requirements. 

It is recornended that development of the USNRDL beta counter, 
k k  V Model I, be continued. The general physical characteristics of the 
instrument (&us lead shie1dinC) should be retained or improved, if pos- 
sible, Satisfactory performance in higher garrnna radiation f i e l d s  is re- 
quired, Highest f i e l d s  encountered w i l l  be on the order of 1-10 r/hr 
requbing intermittent operation of t h e  detector. Continuous operation 
im ffelds of 300-500 m/hr can be expected, Tnese figures are based upon 
a tolerance f i g r e  of 3 r total dose per man per operation. 



The work done under Project 6.2 m e  necesaarilg. conducted 
as a series of independent e~rperiments. This procedure was necessarg 
because the Project was divided among four major miUtaq laboratories and 
because of the ~ a r i e d  experimentd n z q u i m n t s  among the objectives. The 
purpoee of t h i a  chapter is to summarize the rersulta of PmJsct 6.2 and to 
discuss the findings of the individual q e r h e n t s  in relation t o  one 
another under the military problem of decontamination, 

Scope 

Mscussion w5.U be U t e d  primarily t o  the Underground 
Shot results, a h c e  these prove t o  be the  most ai@fieant from a mill- 
t a q  point of view. bjor differences for t h e  Surface Burst experimental 
results will be noted where necesaarg, The limitations of the data will 
be clearly expmaaed and euggeationa or recommendations for future work 
will be proposed. The findings o f  Project 6.2 wLU be diseus8sd along 
the foJleaing lines: 

A general nature of t h e  contamhation situation encountered 
by the decontamination crews wil l  be discussed briefly with q h a s i a  on 
t h e  aspects of contamination which mm extremely h p t . t s n k  to subsequent 
decontamination operations. 

A general performance of dmeontamination maaurss dll be 
noted, including the general effects of the target characteristics and 
the  field condttiona. 

The specific decmtamLmt5on find438 m i l l  be aurnmafized 
and eontmmrsial data #ill bs discussed. These f indhgs  w i l l  be then 
applied brfefly t o  other U t a r y  situations in an attempt to generalize 
on the status of decontamination measures as a result of Operation JANGLE. 



* *  ;i 
12.2.1 Extent of Contamination - 2 

+, 

A study of the gruss distribution of contaninants in Opepa- 
tion ZAEIGLE was not an objective of Project 6.2. Ffoweves, the extent and 
intensity of radiological contamination resulting from t h e  Unaergmund 
8hot had a large bearing on t h e  experimental work conducted and on t h e  
nature of the military problem for which t h i s  e e r i m e n t a l  work was per- 
formed. The extent or" c o n t h a t i o n  was vely nuch hrger than had been 
predicted prior to Operation JANGU. As a result, it can be stated that 
the detonation of a E d  scale underground weapon would severely eor~tard- 
nate large areas outside the range of physical damage, and as a result 
many a t a r y  and industrial hs ta l l a t i cns ,  otherwise mdmeged, m y  be 
rendered untenable solely due to an unacceptable radiation hazard. The 
significance of decontmhation stud ies  is therefore greatly increased. 
EKperimentally, the unpredicted extent and h t e n s i t y  of radiation forced 
many changes in procedure in Pmject 6.2. In some eases, these  chmges 
resulted in some  loss of Mormat ion.  

12.2,2 Distfibution of Contamination 

As expected, the dfstribution of contamination over expsri- 
mental structures fndicated that the predominant amount of act iv i ty  was 
deposited on horizontal surfaces rather than on vertical surfaces, How- 
ever, kn the ratios of activities on surfaces of various orientations, 
there were large differences reported by the several hvestigators who 
gathered information of t h i s  type. Table 12.1 summarizes these differ- 
ences. 

TABLE 12.1 

Ratio of Horizontal t o  Vertical, Contaninat1 on, 
Underground Shot 

Remarks 

Upper value about 10 to 1; 
lower value 0.8 to 1 (small 
panels ) , Smooth surface; 
no weather. 

Large panels, Variety of 
surfaces, no weather. Smooth 
panels, both ofled and clean, 

weather. 

Source 

Werner (Chapter 8 )  

Dheh (Chapter '7) 

EstSarate 

75 per cent of cases 
less than 5 : l ,  

3W:1 on roof panels 
to w a l l  panels. 

10:l on panel assembly 



Ratio of Morizontal to Vertical Contamination, 
Underground Shot 

Swrce Estimate Remarks 

Smith (Chapter 63 3-10: 1 on painted Smooth surfacea &er mind 
surf acee. and rain. T-d-grave1 

roof; painted or metal w a l l s ,  
100-W:1 on rod.  after wind and rain. li 

$1 
Dhein, in Chapter 7, reports that followhg the Underground P I  

PI 
Shot, roof panels were contaminated more than w a l l  panels by a ratio of d l  ? i  
about 300 to 1. These data were collected on large panels h a h g  a mriety 5+ 
of surfaces. In g e n e d ,  the surfaces were appmpAat.e t o  roofs and walls 4 

so that roof areas were generally much rougher and more porous than wall i/ 
$1 

panels, In addition, Dhejn presents data en contamination of s fan assem !I 
bLy of panels having orientations varying from w r t f c a l  to horizontal. $1 

These panels were smooth ply#ood, The data indicate a ratio of about 10 i; 
to 1 between the rpertical and horizontal fan panels, dll these data were 5 
collected on the first and sscond day after burst so that meathering waa G' 

of minor consequence. 61 
Remer, in Chapter 8,  presents a great deal of data on v e q  

smal l  smooth-surface panels which had been protected fram aU the we at he^ 
k g .  The data show that fn 75 per cent of the cases, the ratio between 
vertical and horizontd surfaces mas less than 5 to 1. M u h u m  rat io 
found was of the order of 30 t o  1. These data agree with the smooth fan 
panels exposed by Dhein. 

Smith does not report distribution data in Chapter 6 
because of the small, number of meaauments, and because of the fact that 
measurements were taken 6 days after burst after serious weatherlag by 
wind and rah. However, a s m y  of the levels found on the exparislsntal 
b u n g s  indicated a horisonfsl-to-trerticd ratlo ranging f r o m  3 to 1 to 
10 to 1 on smooth surfaces. This  agrees with the Werner data and the fan 
assembly data of Dhein. In adation,  data in Chapter 6 on tar-and-grad 
roofs ps painted waUs show a ratio of the ortller of 1 W O 0  to 1 which 
ag~ees, roughly, with the 300 to 1 quoted by Dhein. Apparently, the ratio 
of horlsontal t o  vertical contamhation may vary between 5 to 1 and 300 
t o  1 depending on the situation. An important factor, apparently, is the 
gross tiifferenee in surface chractedstics betmen usual raof materkals 
and usual mil materfals. Since e knuwledge of distribution, especiallp 
between vertical and hodmntal  surfaces, is essential to a determination 
of the usefulness of decontamination, it is apparent that additional work 



is urgently needed t o  clarify this situation. 

Data on surfaces aloped between horizontal and vertical 
indieate that the amount of contamination varies evenly between these 
~ 8 l u e 8 ,  u t t l e  data were obtained on the con tmha t ion  of the interior 
of structures thmugh broken Kindows, &c. Smith, in Chapter 6 ,  states 
that Uttle contamination was obsemd on h t e r i o r  wall  surfaces, No 
infarmation is a ~ u a b l e  in Chapter 6 on contamination of hterior floors 
and other horfeontal surfaces. S o m  obserwations by Werner, in Chapter 
8, provide clues to contamination of jnterior floors. Data on contad- 
nation on horismntal surfaces protected an insloping or overhanging 
surface indicate that these surfaces were contaminated less than exterior 
horizontal surfaces by 8 factor of between 2 and 10, Unless data of this 
type are obtained in future projects, t h i a  m h h d  Momatfan w f l l  pre- 
sent a serious problem in evaluating and planning decontamination opera- 
tions. 

12.2.3 Tenacity of Cqitamknation 

In general, the contunination resul thg frcm the Unde- 
ground Shot ma8 of s d  particle eize and was consequently qulte tena- 
cious, fa rsgions of very hsavg contadnation, the upper layers were 
readily rmomd. Memrtheless, kn most instances, the tenacity of the 
contamination m a  of the same order of mapibude of that experienced b 
mdematar bursts so that decontamination performances were not at&lingI-7 
different. As in the case of the d a t i v e  levels of c o n t d a t i o n  inten- 
sity, t h e  effect of gross differences in surface matefials was clearly 
evident, Generally, smooth and nonporous surfaces were verg superior to 
other materials, the contaminatfon behg very difficult to remove from 
very mugh and p o m s  surfacea sucd as tar-and-gravel mofs, etc .  Ho*- 
ever, xith pinor differences in surkaees--i.e., rith surface coatings and 
even l r i th  mlatlvely smooth materials such as bare metal and bare wood- 
no apprec3able tenacity differences were observed. 

After the Underground Shot, high winds persisted for 
several days. Six day8 after burst a Ught rain occurred. M y  qdl- 
tativle data were reported on the effects of this  weathering on contami- 
nation chamcteristics. It is definite that t h e  mind and rah p a r t i d y  
decontamJn&ted the experimental b d d i n g a ,  In some caaas, decontami- 
nation by wfeath~r of the order of 90 per cent may have occurred. It l a  
also probable that the tenacity of the residual contamination was signifi- 
cantly incretasad by the rain. 



Perhaps the most spectacular effect of the weather on 
contamination wae the mvament of large amounts of activity by the high 
winds. Thia process generally consisted of moving contaminetion near 
the crater area to areas further downwind, Gn the second day, because 1; 

dl  
of this procesa of meantamfnation, intensity levels at about a mhle t i  

!j 
darrmprind were actualpy increased deapfte decay* It i a  certain that the m 
movement of contamination from an underground burst by winds will be a $ 
eefious problem if decontamination operatione are conside~ed during the L: 

first few daps after the detonation, Y 

m d+ 

It was ale0 noted that the rain dld not move the contmi- El 
nation sf@.ficantly, Verg Uttle  penetration of contaminant into the f l 
ground was obsemed, The d n  dAd -bit the mwment of contamination $1 
by the rsind* $1 ti 

12.3.1 b a s m e n t  of Dacontamination Perf ormane a iti k ! 

The efferttivenese of deconhmbation meaerures is reported 
in Project 6.2 IJ1 terns af the pamentage of MtW amount of contami- 
nation mminbg after the decoatamhatim masure is accomplished. This 
I s  in agreement with the practice in the Uteratum of measuring decontami- 
nation performance as a fractional part of the M k h l  level. However, 
there were numerous fndicatioair in Project 6,2 that t h i s  method of measur- 
ing decontamination performance was watisfacto~jr.  It lras shom In 
several experiments that the effectiveness of decontmhatfon varfed with 
the absolute hithl l e d ,  ;In general, the sffectimnssa increased with ,- 
hcmaeing levels of contadnation. Consequently, in many cases, the per- 
f o m c e  me very U f i c u l t  to debarnine because of gross differences in 

I 
initial level, Mhermore, a great deal of atudy will be required in 
order to reach a raeaningtld evaluation of the various expsrirnente in t h l a  
Project . Then mrr, sons indications that decontamtnation measures tended 

nc , toduce theccnteminat ion toanabso lu te l eps lmgard le s~o f in i t i a l  1 
1 However, them data wen not conclueive, %fore the performance 
fims quotadinthe various parts of t h i a  Project report ore used for 
predicting the. perfommace of decontmination masma in the f ie ld,  it 
win be necesaarg to conduct a careful aaaluation of t h e  data, and it I s  
~ E I O  probable that it will be necessav to clari* the situation with 
regard to the proper measurement of decontamination performance, At the 
present time, tha quantitative values reported in Pmject 6.2 should ba 
treated d t h  a great deal of reserve. 

A large number of c m o n  bullding m a t e m a  and surface 
coatings were tested h mrious experimentan The sigaipicant fact resulting 



from these tes ts  was that only gross changes in surface characteristics 
resulted in observable changes in decontamination effectiveness. In 
general, smooth, hard, nonporous surfaces seem desirable. It was easy 
to observe differences in t he  performances of such widely different sur- 
faces # paint, bare wood, and tar a n d  gravel, but it was difficult to 
detect  differences between various surface coatings applled t a identical 
materials and, in some cases, between the performances of different materi- 
als whose surface characteristfcs were net grossly different. It is impor- 
tant t o  observe that the effects of changes fn gross surface character- 
ist ic  ware not nearly as great as the effects of orientation aP t he  surface. 
In no ease did the  differences observed rwch the order of magnitude of 
the differences between horizontd and mrtical surfaces. In mang cases, 
no difference in decontamination performance was observed, even beheen 
p s a l y  different surfaces, when the perfonaance was expressed in terms 
of a fractional part of t h e  i n i t i a l  activity remaining. Xn t h i n  regard, 
the surface charactedstics of materials were far more hprta.uk to the 
determination of hitial level than to the decontamination performance. 
Q1 tar-and-gravel roofs for instance, a hot-Uquid hosing method mas as 
effsetive as an painted metal surfaces, but because the tar-and-gravel 
roofa contaminated to a v e q  much higher level, the final. levels were, 
in many eases, higher than t h e  initial levels on the painted m e t a l .  

Xn summav, it appears frcun the experbents performed 
under Project 6.2 that gross differences h surface characteristics of 
materiala are important fn detemblng the Level of c o n t h a t i o n  but 
there hi no concluailre eddence that matedals have an w o r t a n t  effect 
on decontamination performance. 

12.3.3 Effect of Shape and Constructfon Detafls - of Structures 

The effect of orientation, and particularly of horizontal 
and rer t id  orientation, on h i t i a l  levels of contamination has alreadp 
been discusad.  There appears to be no conclusi~e evidence that orient* 
t f on significantly af f scted decontamjnation performance. There is evi- 
dence on the experimental buS1dings that e m  minor irregularities of sur- 
face, as represented by tha corrugations in the m e t a l  structures, had a 
marked effect on decontamination perfonoance, The performance of hoahg 
methob ma reduced by approxhatsly a factor of 2 over the performance 
on flat surfaceu. Corners, joints, and roof  parapet^ also made difficult 
decontaminatf on situations, In summarg, t h e r e  was clear svldence that 
frreguhr surfaces, joiets and e h i h r  construction features had m o r e  
effect on decontamination performance than BU but the most extrame degree 
of aurface roughness and porosity. 

12.3 -4 Effect of F i e l d  Conditions on D e c o n t ~ a t i o n  Measures 

The field eonditians under which these experiments were 
conducted were far f r o m  optimum, Most of the f i e l d  decontamination work 
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mas done following the Underground Shot, during a period of high whds  1! 
and fmezing meather. The sffectimsss of the decontamination parsomel. !! 
was seriously reduced. The cold weather put the Uquid decont&ation 1. I 

measures to a sevem disadvantage and the effectfvmess'figurea quoted TI 
should be regarded as a lower l M t  of the f i e l d  effectiveness So be il F;! 
expected under normal conditions. The lack of optkrmua operating c o d -  8 
t ions had a strong effect on decontaminatim effsctimess in ather nap. T z  

The availability of w a t a ~  was U t e d  so that short cut8 in the liquid E ! 
decontamination measures had t o  be taken. O p t b  preasure characterie- :! 

38 
tics were not achieved with the ewpment available. These factora .*> 

should be considered ia evaluating the results of Project 6.2, * I  
9 
t1 

12.4 SPECIFIC DECONTAMINATION R E 2 W W C E  1'1 t1 

Ei 

Brl, in Chapter 2, reporta the result of experiments in 
removing or bu-g contamination on open land areas. Raitmann, in 
Chapter 3, reports experiments d e r t i ~ e d  t o  recowr the  use of Land areas 
by erecting a barrier of earth st the psriphsrg of the useful area. Earl 
found that by using earth-moving leqapmmt and plows, I t  was possible to 
reduce the radiation intensities over f a i r 4  large -as by a factor of 
4 t o  30 and that the effort requlrsd to do so was reasonable. Reitanam 
f a d  that a 4-l/2-ft earth barrier mould mduce the radiation intensity 
within t h e  barrier by a factor of a b u t  4, It appears that the clearing 
technique is more efficient than the barrier technique for general use. 
However, for certah uses, sue11 as the reduction of intendties on streets 
or mhem b d d i n g s  and other obstructions prevent; the clearing of a large 
area, the barrfsr technique m y  be useful. 

M o s t  of the experimental mrk on paved a,mas lpse performed 
on the  d s t l n g  asphalt d spterm, which was in poor condition. Hef s k d l ,  
in Chapter 4, was p r h c i p d l y  concerned with surface removal metho&-- 
applymg flame to aof t en  the surface and following the flame treatment by 
scraping. Th58 method, which is that used in commercially aavailable mad 
planers, naer extremely effeetim, reduchg the contamhation on the asphalt 
mad by approdmtely a factor o f  30, 

Maloney, +n Chapter 5 ,  conducted an & a i m  seriea of 
tests inmlving methods whleh did not remove th6 surface, auch as pacum 
h g ,  metlpkig, hosrhg, etc. His methods performed g e n e r w  in the maon 
of a decantandnation factor of 3 to 5 with hf@ pressum water hosing beiag 
the best, Both Heiskel l  and Maloney performed Tndepsndent experbents 
u s h g  s fiber brvsh on asphalt madways. Their results agme mughly on 
o decontamination factor of 3 t o  4 .  The essential fhdfng of these experi- 
ments is that mad planing method must be developed if decontamination 
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factors of the  order of 10 or better are desired. Only Heriskell,. repostad $i 
work on the decontamination of concmte. The concrete s t r i p  a d l a b l e  . I '  

had a very poor surface which resulted in glazing of the surface by the ;I ' R1 

burner flame. As a result, decontamination factors of 2 to 7 were reported, ir ! 

but this probably represents the lower limit of affsctiverless with the Ei 
flame cl-g method. : El 

t j *. 
In summary, surface removal methods involving the burner 

flam were far m o ~ e  effective than other methods, especially on asphalt 
~ o a d a .  And, s h e s  cormercialZy avaihble road planers u t i l i z i n g  this 
method a m  as fast aa, or faster than, the competitive methods, the flame 
c l e w  technique warrants development . 

12.4.3 W d k ~ s  and build in^ Materials 
r 

21 

Information on the effectiveness of various decontamina- 
tion techniques on buildings and building materials mas gathered by several 
h ~ s t i g a ~ o r s  and reported in Chapters 6, 7, 8, and 9,  There is a wide 
di~errgancr in the resulte 3x1 the various investigations. Far lnstanea, 
Smith, ia Chapter 6, recommands vacuum cleaning a3 an effective method, 
while both Phein, in Chapter 7, and Smith, in Chapter 9,  conclude that 
vacuum cleaning is relatively ineffective on building rrratsrids, Other 
observatione vary in a sindlar maaner, It w i l l  take a considerable evd-  
uativa effort to reconcile the Ufemnces  in the various chapters of 
t h i s  report. An eduat ion  of the data has been started at USNRaL and 
sill be reported at a later date. A t  present, it is possible to sumnarize 
t h e  data only very generally. It appears that the  capablfity of the tested 
decontamination method8 with respect to the Underground Shot was such as 
t o  rsduce the level of c o n t h a t i o n  by a factor of approximately 2 t o  10, 
Them is some evidence that higher factors of decontamination are possible. 
More detai led results w3 . l l  have to a w a i t  a reconc5.Uatfon of t h e  data. 
The Project Officer considers that it is bqmsafble, at this time, to 
recommend speciflc decontamination methods on the basis of t h e  information 
of tM3 report. 

12.4 Vehicles 

Contamination of vehlcles was not eerioua at Operation 
JANGU and it is apparent that vehicle decontamination is not a major m i l l -  
tary problem. Such decontamination as is necessary can be easi lp accom- 
plished, and adequate data are presented in this repart to provide a basis 
for a standing operating procedure. 

12.4.5 Application to Milftan Situations 

bperation JANGm emphasized the radiological signlficanca 
of the underground weapon. Sf the results of t h e  operation are extrapo- 
lated to a tactical weapon field, it appears that a large area of 5 t o  20 



square miles U be contaminated t o  such an extent that installations 
within t h i s  region w i l l  be unueable solely becauae of an unacceptable 
radiation hazard, This area is very much larger than the  area of sepere 
physical damage fo r  an air burst weapon. Before routine operations can 
be resumed, de lays  of a few weeks t o  over a year rrlU occur d e s s  e o u n t e ~  
measure8 are undertaken. 

The countermeasurea i n f o m t i o n  obtahed by Project 6.2 
in&cates that the best present; methods and equipment ham a capbiUty ef 
reducing the intensity of radiation f ie lds  by a factor of 5 to 10 w i t h h  
a land target complex. The methods which accomplish this reduction are 
reasonably fast and u t i l i z e  standard equipment. It is probably practl- 
cable to mch- a milltarg installation ushg these methods during a 
period of perhaps one week, ut i l iz ing  manpower and equipment available 
to t h e  i n s t d h t i o n .  bether a reduction factor of the order of 5 to 
10 is sufficient t o  make decontaminati~n a usefd. d i t a r y  countemeaeure 
is being investigated in a rreprate study at USNWL. 

An evaluation of the effects of high maidual contamha- 
tfan on military operations rrnd installations should be undedakan, and 
the required effectiveness of countemeasures should be determined more 
f u l l y  than at present. The data derived f r o m  Project 6.2 must be regarded 
aa exploratory in mture. More definitive- results should be the a h  of 
future experiments. 

12.5.1 Decont&nation Methods 

It is recommended that future experhntal work be directed 
toward W n g  a thorough howledge of the capabilities of a liarited 
number of decontaaimation technique3 selected as the most useful in the 
military situation on the basis of present data, P r e d w s  experhental 
work has auffemd from the use of diverse methods and pieces of equipment. 
consequently, only a vague and often qualitative knowledge of the capabfl- 
f t iea of decontamination m e t  hods 1s available. 

It is rscammded that work on surface mtefials be de 
emphasieed ero that minor dlfferrences in surface characteristics are ignored. 
Increased emphasin should be placed on conducting future f i e l d  t ea ts  on 
realistic segments of a land target complex. The principal investigators 
in Project 6.2 have made various suggestions for accomplishing this, It 
is believed that future work should be done on f u l l  scale s e e e n t s  of land 
target complex including buildings, pared areas, h d  areas, and nonnal 
drahage c hannals . 



12.4.3 Tar~et Incat ion 

It is recommended that fu ture  fisld work be directed toward 
deta-ing decontamination performance over a rmge of contaminating 
situations varging f r o m  that resulting at t he  periphery of t he  contami- 
nated area to that resulting in t h e  most contaminated region in which 
rec lahb le  structures can be anticipated. For this purpose, a number of 
fu l l  scale target segments should be located at various distances f r o m  
the point  of detonation so t h a t  all d e c o n t d n a t l o n  methods can be tested 
under l ike  situations. In Operation JAl iGM, some methods were tested in 
the peripheral regions, while others were t es ted  i n  t h e  region of heavy 
contamination. It is doubtful whether the information gathsred unaer these 
differing situations can be correlated. 

12.5.4 Intepzation of Decontamination Gethods 

It is recamended that future f i e l d  t e s t s  of decontamina- 
tion method8 be conducted in a h i g h l y  coardhated f a sh ion  rather than as 
individual experiments in different re@.ons and involving different materi- 
a l s  of the land target. An operating procedure should be set  up f o r  the 
decontamination of the complete target segment nsualized for future t e s t s ,  
and effectiveness and lnan p a r  measurez~ents should be made Lor these seg- 
mefits as a whole aa well. as for the incividual methods on the  particular 
surfaces to which they apply. 

12.5.5 Decontamination Inatnunentation 

It is recommended that othar measurement techniques be 
developed fur the conduct of future field test of decontardination meth~ds. 
In par t i cu la r ,  an instrument which wilL satisfactorily measure the amount 
of contanination on a aurface before and after decontamination is essen- 
t i a l ,  This instmLent must be capable of operating satisfactorily in 
general garcma fields up to several r/hr. It should be also recognized 
that a mi'litam requirement exists for such an j n s t a e n t ,  Without it, 
it cannot be determined whether a d e c o n t d a t i o n  method is performing 
properly unt5.l t h e  en t i r e  area has been d e c o n t h a t e d ,  so that the 
general gama radiation intensity is reduced. It appears t o  be impolc 
tant  to be able 50 assess t h e  ultimate result of a decontamination opera- 
tion in the  very early stages in order to avoid needless waste of effort 
and m m  power Zn a hazardous operation. 

12.5.6 Radi01op;ical Safety 

1% is recommended that the  radielogical safety mquir- 
menta incickht t o  recZaiming a contaminated area be htegrated into the 
study of decontamination methodrs at future f i e l d  tests .  Present tech- 
niques for assessing the mdiolegical situation and f o r  assuring safe 
operations appear ta be en t i r e ly  Inadequate for use 5n military operations. 



- - - Experimental studies in the f i e l d  of radiological safety must be accom- - - - 
pushed in connection with a l l  full scale decontamination operations 5n - - - 
the future iT progress is to be made in this f i e ld .  - - 
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